Henry  Power  M.B.,ER£.S. 


Digitized  by  the  Internet  Archive 
in  2014 


https://archive.org/details/b20398633 


MANUALS 

FOR 

Students  of  Medicine. 


The  Frontispiece  exhibits  five  spectra,  of  which— 

1.  Is  that  of  ordinary  sunlight.    The  succession  of  prismatic  colours — 

red,  orange,  yellow,  green,  blue,  indigo,  and  violet — is  seen  ;  and  a 
few  of  the  most  strongly  marked  Fraunhofer's  lines,  a  a,  b,  c,  d, 
F,  G,  andn.  These  sliow  that  the  light  emanating  from  incan- 
descent bodies  has  passed  through  the  vapours  of  these  bodies,  and 
has  been  absorbed  by  them.    There  are  many  hundreds  of  these  lines. 

2.  The  spectrunj  of  a  layer  of  solution  of  oxyhtBmoglobin,  containing  1  x>art 

in  1,000,  and  about  1  centimetre  in  thickness.  It  exhibits  a  shortening 
of  the  red  end  of  the  solar  spectrum  and  two  absorption  bands 
between  d  and  e. 

3.  The  spectrum  of  a  layer  of  solution  of  oxyheemoglobin,  containing  18 

parts  in  1,000,  and  about  1  centimetre  in  thickness.  It  exhibits  a 
shortening  of  the  red  end,  a  very  considerable  shortening  of  the  violet 
end,  owing  to  absorption  of  their  colours,  and,  a  single  absorption 
band  between  d  and  5. 

4.  Tlie  spectrum  of  haemoglobin,  or,  as  it  is  sometimes  named,  reduced 

hfemogiobin,  i.e.  oxyhsemoglobin  from  which  the  loosely  combined 
oxygen  has  been  withdrawn  by  reducing  agents.  It  exhibits  a 
shortening  of  both  ends  of  the  spectrum  and  a  single  absorption  band 
between  d  and  e,  but  a  little  sliifted  towards  the  red  end  of  the 
spectrum  as  compared  with  the  first  absorption  band  of  oxy- 
hsemogiobin. 

5.  The  spectrum  of  hsematin  in  acid  solution  and  the  almost  identical 

spectrum  of  methsemoglobin.  It  presents  four  absorption  bands,  one 
placed  midway  between  c  and  d,  a  second  on  the  violet  side  of  d,  a 
third  on  the  red  side  of  e,  and  a  fourth  over  f. 
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The  following  pages  have  been  written  with  the 
object  of  giving  to  the  student  a  general  outline  of 
the  Physiology  of  Man.  The  simultaneous  appear- 
ance of  complementary  volumes  in  this  series  has 
caused  many  subjects  to  be  omitted  that  would 
otherwise  have  found  a  place,  and  are  generally 
included  in  text-books  of  physiology.  Thus  it  will 
be  seen  that  nearly  all  details  of  structure  are  passed 
over  in  silence,  since  they  are  fully  given  in 
Klein's  Elements  of  Histology.  The  volume  on 
Clinical  Chemistry,  by  Dr.  Ealfe,  has  rendered  it 
unnecessary  to  mention  the  characters  of  many 
organic  substances  or  to  give  the  various  tests  for 
organic  substances  that  are  usually  regarded  as  an 
essential  part  of  physiological  knowledge.  Again, 
the  descriptions  of  many  instruments  and  methods 
of  procedure  commonly  employed  in  practical  physi- 
ology have  been  omitted,  since  they  will  be  found  in 
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Dr.  M'Gregor-Robertson's  work  on  PhYkSIOLOgical 
Physics;  and  lastly,  the  appearance  of  Prof.  Bell's 
treatise  on  Comparative  Anatomy  and  Physiology 
has  led  to  the  exclusion  of  many  references  to 
Animal  Physiology. 

It  need  hardly  be  stated,  then,  that  the  five 
volumes  should  be  read  together ;  and  if  the  student 
has  mastered  them  thoroughly,  he  will,  it  is  hoped, 
have  acquired  a  sound  basis  for  the  future  practice  of 
his  profession. 

I  desire  to  express  m}^  obligation  to  Mr.  James 
C.  Hoyle  for  many  valuable  suggestions,  and  for  the 
trouble  he  has  taken  in  reading  and  correcting  some 
of  the  proofs. 
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Human  Physiology. 


CHAPTER  I. 

INTRODUCTORY  GENERAL  COMPOSITION  OF  THE  BODY. 

Human  physiology  is  a  branch  of  biology,  and  treats 
of  the  purposes  and  functions  of  the  body  and  of  its 
several  parts.  It  rests  upon  anatomy,  which  naturally 
includes  histology,  and  upon  physics  and  chemistry. 
The  more  accurate  our  knowledge  of  these  three 
sciences,  the  better  will  be  our  physiology.  If,  for 
example,  we  turn  our  attention  to  the  physiology  of  the 
circulation,  we  require  to  know  the  cause  of  the  cir- 
culation of  the  blood,  the  course  it  follows,  and  the  speed 
with  which  it  is  accomplished  ;  the  action  of  the  heart, 
the  use  of  its  several  parts,  the  circumstances  which 
affect  the  frequency  and  force  of  its  action,  the  quantity 
of  blood  it  discharges  at  each  beat,  the  pressure  which 
the  blood  exerts  against  the  walls  of  the  vessels,  the 
composition  of  the  blood  in  different  parts  of  its  course, 
and  a  hundred  other  points.  But  to  understand  them 
properly,  it  is  necessary  first  to  know  the  anatomical 
relations  and  the  structure  of  the  heart ;  the  number, 
form,  and  capacity  of  its  cavities ;  its  several  openings 
and  the  valves  which  guard  them ;  the  structure  and 
arrangement  of  the  vessels.  This  is  taught  bv  the 
anatomist.  Then  the  movement  of  flui  's  in  i  ed 
tubes,  the  transmission  of  waves  in  elastic  tubes,  aaa 
the  influence  of  their  resilience,  are  taught  by  the 
physicist,  while  the  chemist  teaches  us  the  mutual 
relations  of  gases  and  the  blood.  The  same  holds  good 
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with  the  phenomena  of  respiration  and  of  digestion, 
with  those  of  the  nervous  system  and  of  generation. 
In  all  instances  we  must  first  know  the  structure 
of  the  organ,  then  its  physics,  then  its  chemistry, 
before  its  physiology  can  be  fully  understood. 

The  term  vital  phenomena^  applied  to  the  actions 
which  take  place  in  the  living  body,  is  correct  enough 
in  one  sense,  but  misleading  in  another.  It  is  right  in 
so  far  that  the  course  of  events  in  the  living  body 
difi'ers  from  that  in  the  dead,  and  may,  therefore, 
appropriately  be  termed  vital  as  a  whole ;  but  it  is 
misleading,  because  it  suggests  that  these  events  are 
dependent  on  some  occult  and  wonderful  power,  and 
that  they  are  not  the  result  of  the  same  chemical  and 
physical  laws,  acting  only  under  different  conditions 
from  those  which  operate  on  the  dead  body.  A  single 
illustration  will  suffice  to  show  the  essential  identity 
of  vital  and  non-vital  phenomena.  A  limb  shall  form 
part  of  a  healthy  Irving  body,  and  be  the  seat  of  vital 
processes.  Blood  circulates  through  it,  carrying  oxygen 
to  the  tissues,  which  seize  upon  it,  and  give  in  ex- 
change carbonic  acid  gas.  Its  several  tissues  undergo 
continual  change,  their  molecules  are  being  constantly 
broken  down  and  removed,  and  they  as  constantly 
abstract  nutritive  particles  from  the  circulating  fluid 
and  effect  their  own  repair.  All  this  is  vital ;  but  tie 
a  ligature  tightly  round  it,  and  with  the  alteration  of 
the  conditions  the  phenomena  at  once  change  their 
character.  The  blood  no  longer  circulates,  oxygen 
ceases  to  be  brought  to  the  tissues  by  the  blood,  and 
has  but  little  access  from  without.  The  products 
of  decomposition  remain  in  the  place  where  they  are 
found,  and  soon  other  living  beings  prey  on  the  tissues, 
which  are  no  longer  capable  of  resisting  their  attacks  ; 
putrefactive  changes  are  established,  and  the  complex 
organic  compounds  of  which  they  are  formed  revert, 
as  they  did  during  life,  to  the  simple  planes  of  chemical 
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constitution  represented  by  water,  carbon  dioxide,  and 
ammonia,  from  which  they  were  originally  built  up. 
The  results  are  similar  in  both  cases ;  the  essential 
diflference  is  that  in  life  the  conditions  are  adapted  for 
the  renewal  of  the  complex  molecules  with  all  their 
activities  by  the  supply  of  new  material  and  the  re- 
moval of  the  old  and  effete  substances ;  whilst  in  death 
no  renovation  is  possible,  and  the  play  of  chemical 
affinities  gradually  reduces  the  several  compounds  to 
the  simplest  combinations  of  their  elements.  In  the 
lower  forms  of  life  the  structure  is  simple,  and  as 
there  is  no  distinction  of  organs  every  part  is  capable 
of  discharging  a  number  of  functions,  each  of  which 
in  the  higher  animal  is  limited  to  a  special  organ. 
The  simplest  forms  of  living  beings  with  which  we 
are  acquainted  are  found  in  the  class  to  which  the 
term  Protista  is  applied.  In  these  the  body  is  com- 
posed of  a  mass  of  protoplasm,  and  the  whole,  or  any 
part  of  it,  can  absorb  nutriment  from  without,  digest 
it,  apply  it  to  the  nutrition  of  its  own  structure,  cast 
out  the  indigestible  matter,  move  from  place  to  place, 
respond  by  movement  to  stimulation  of  various  kinds, 
and  undergo  multiplication  by  division.  In  the  higher 
animals  each  of  these  functions  is  limited  to  a  definite 
organ.  An  alimentary  canal  is  destined  to  digest  the 
food,  and  prepare  it  for  absorption  into  the  circulating 
fluids.  Definite  vessels  are  formed,  one  segment  being 
developed  into  a  pulsating  organ  or  heart,  by  which 
the  fluids  elaborated  into  blood  are  driven  to  all  parts 
of  the  system ;  whilst  special  organs,  as  the  bones, 
cartilages,  muscles,  and  nerves,  are  subservient  to 
movement,  and  to  the  reception,  conduction,  and  the 
perception  of  impulses  from  without ;  and  there  are 
yet  others  which  are  subservient  to  reproduction. 

Oeneral  composition  of  tlie  body, — The 
body  is  composed  of  certain  ultimate  elements  united 
in  part  to  form  inorganic  compounds,  and  in  part 
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more  complex  organic  compounds,  chiefly  made  up  of 
carbon  and  hydrogen,  either  with  oxygen  alone,  or  with 
oxygen  and  nitrogen,  named  proximate  principles. 
Some  of  these  are  in  process  of  assimilation  to  the 
tissues  and  organs  of  the  body,  some  form  part  of  the 
organs  themselves,  and  some  are  undergoing  disinte- 
gration or  decay,  represent  waste  products,  and  are  on 
their  way  to  be  discharged  from  the  body. 

The  ultimate  elements  are  carbon,  hydrogen,  oxygen, 
nitrogen,  sulphur,  phosphorus,  chlorine,  fluorine,  potas- 
sium, sodium,  calcium,  magnesium,  manganese,  iron, 
and  silicon.  A  few  of  the  elementary  bodies  are 
deserving  of  special  notice  by  reason  of  their  im- 
portance, and  amongst  these  carbon,  oxygen,  nitrogen, 
phosphorus,  and  iron  stand  pre-eminent. 

Carbon. — Carbon  plays  so  important  a  part  in 
the  processes  of  plants  and  animals  that  the  chemistry 
of  the  organic  compounds  has  sometimes  been  termed 
the  chemistry  of  the  carbon  compounds.  The  supply 
,of  carbon  used  by  animals  is  in  all  instances  originally 
derived  from  plants,  which  have  the  power  of  de- 
composing carbon  dioxide  under  the  influence  of 
sunlight,  of  fixing  the  carbon,  and  of  eliminating  the 
oxygen.  It  is  contained  in  large  proportion  in  almost 
every  article  of  food ;  fats,  for  example,  containing 
more  than  half  their  weight  of  it,  sugars  and  starches 
somewhat  less  than  half,  and  meat  in  the  uncooked 
state,  including  poultry  and  fish,  about  one-seventh 
of  their  weight  of  it.  A  man  requires  nearly  5,000 
grains  of  it  per  diem.  In  its  combustion  or  union 
with  oxygen,  for  which  gas  it  has  a  strong  affinity, 
it  gives  off  a  large  amount  of  heat.  It  unites  with 
hydrogen  in  many  proportions  to  form  hydrocarbons, 
which  are  all  volatile  bodies,  and  present  many 
examples  of  isomerism,  that  is,  of  cases  where  mem- 
bers of  a  family  have  the  same  composition,  but 
present  different  physical  or  chemical  properties. 
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Oxygen. — This  gas  is  one  of  the  most  widely  dis- 
tributed substances  in  nature,  and  is  essential  to  the 
existence  of  both  plants  and  animals.  It  exists  in 
the  free  state  in  the  air,  but,  so  far  as  is  known,  it  is 
not  liberated  in  that  state  by  any  agent,  except  by  the 
green  colouring  matter  of  plants  under  the  influence 
of  sunlight!  It  forms  a  large  proportion  of  the  gases 
contained  in  water.  A  peculiar  allotropic  modifica- 
tion of  it,  named  ozone,  OgO,  is  j^resent  in  fresh  air, 
but  seems  to  be  absent  where  much  organic  impurity 
exists.  It  is  the  only  elementary  body  which  directly 
participates  in  the  vital  processes  of  plants  and 
animals,  and  it  is  essential  to  their  maintenance.  By 
its  union  with  carbon  and  hydrogen  it  liberates  the 
heat  by  which  the  temperature  of  the  higher  animals 
is  maintained.  About  7,000  grains  are  daily  required. 

Nitrog^en. — It  is  noticeable  that  nitrogen,  an 
element  that  has  so  few  and  such  relatively  feeble 
affinities,  should  enter  into  the  composition  of  every 
living  organism ;  yet  it  is  perhaps  to  its  presence  that 
the  extraordinary  variety  that  characterises  the  func- 
tions, the  unceasing  change  that  is  manifested  in  the 
tissues  of  plants  and  animals,  is  essentially  due. 
Having  no  strong  attraction,  like  that  of  oxygen  for 
carbon,  or  of  hydrogen  for  oxygen,  it  readily  permits 
the  decomposition  and  disintegration  of  the  substances 
into  whose  composition  it  enters  ;  and  the  elements 
with  which  it  is  combined  (chiefly  carbon  and  hydro- 
gen) readily  shift  their  position,  and  form  sometimes 
more,  sometimes  less,  complex  molecules.  Nitrogen 
enters  into  the  composition  of  the  most  explosive 
compounds  with  which  the  chemist  is  acquainted,  and 
many  of  the  phenomena  presented  by  nerve  and 
muscle  call  to  mind  and  have  actually  been  likened 
to  an  explosion.  Animals  derive  their  nitrogen  ex- 
clusively from  plants.  Plants  obtain  their  supplies 
of  this  element  partly  from  ammonia  and  its  salts, 
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and  partly  from  the  nitrates,  both  of  which  are  con- 
tained in  the  soil,  and  to  a  small  amount  in  the  air. 
The  daily  quantity  of  nitrogen  ingested  and  egested 
by  an  adult  in  his  food  is  about  300  grains. 

Iron* — This  remarkable  metal  is  uniformly  pre- 
sent in  the  tissues,  and  especially  in  the  blood  of  the 
higher  animals.  It  is  an  essential  constituent  of 
haemoglobin,  and  does  not  seem  to  be  replaceable  by 
any  other  element,  not  even  by  its  nearest  ally,  man- 
ganese. Its  presence  appears  to  be  associated  with 
the  power  hsemoglobin  possesses  of  combining  with 
oxygen  gas,  and  of  readily  yielding  up  this  gas  to 
substances  which,  like  the  tissues,  have  a  stronger 
affinity  for  It.  The  body  of  an  adult  contains  about 
3  grammes,  or  46  grains. 

Phosphorus  is  present  in  only  three  of  the 
organic  constituents  of  the  body  :  lecithin,  glycerin- 
phosphoric  acid,  and  nuclein.  The  proteids  contain 
no  phosphorus,  but  are  difficult  to  free  from  lecithin 
and  nuclein.  In  all  three  of  the  above-named  bodies 
phosphorus  is  found  in  combination  with  oxygen  in 
the  proportion  represented  by  the  formula  PO^. 
Lecithin^  C^^HgQNPOg,  and  one  of  the  products  of  its 
disintegration,  glycerin-phosphoric  acid,  OgHgPOg,  are 
ethers,  and  it  is  probable  that  nuclein  is  either  an 
ether  or  an  amide-like  body,  since  it  neither  gives  off 
phosphoric  acid  when  acted  upon  by  alkalies  in  the 
cold,  nor  is  it  easily  decomposed  by  hydrochloric  acid. 
Its  importance  in  the  composition  of  the  nervous 
system  is  well  expressed  in  the  German  adage,  "Ohne 
Phosphor  kein  Gedank." 

The  inorganic  compounds  are  water  and  free 
hydrochloric  acid  ;  the  carbonates,  chlorides,  fluorides, 
sulphates,  and  phosphates  of  the  alkalies,  and  alkaline 
earths.  The  amount  of  water  is  58*5  per  cent,  of  the 
body  weight,  but  different  tissues  contain  very  dif- 
ferent proportions.    Thus,  the  kidneys  contain  83  per 
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cent.,  muscles  75,  brain  75,  the  liver  68,  adipose  tissue 
30,  the  bones  22,  the  teeth  10,  and  the  enamel 
only  0*2  per  cent.  The  most  important  of  the  in- 
organic salts  are  sodium  chloride,  phosphate  and 
carbonate,  calcium  carbonate  and  phosphate,  and 
potassium  chloride.  Sodium  Chloride  is  very  widely 
distributed  through  the  body,  no  tissue  or  fluid  being 
destitute  of  it.  It  constitutes  about  four  parts  per 
1,000  of  the  blood,  and  varies  only  to  a  small  extent, 
whether  much  or  little  is  ingested  with  the  food. 
The  desire  for  it  when,  from  any  circumstance,  the 
quantity  supplied  in  the  diet  of  the  animal  is  in- 
sufficient, is  imperious.  Boussingault  showed  many 
years  ago  that  when,  of  two  sets  of  oxen,  one  was 
allowed  the  unrestricted  use  of  salt,  and  the  other 
was  as  far  as  possible  deprived  of  its  consumption,  a 
marked  contrast  was  observable  between  them,  and 
manifestly  to  the  advantage  of  the  former,  the  fat 
being  more  abundant  and  the  hide  in  better  condition. 
Briicke  mentions  that  many  military  deserters,  who 
live  a  bandit  life  in  the  mountains  of  Salzburg  and 
Carinthia,  risk  their  liberty  and  even  lives  to  obtain 
it  in  town  or  village.  The  tax  or  duty  on  salt  is 
always  a  productive  one.  If  salt  be  completely 
excluded  from  the  food,  albumen  soon  appears  in  the 
urine.  Sodium  carbonate  and  sodium  phosphate 
confer  alkalinity  upon  the  blood,  thus  aiding  in  the 
solution  of  its  albumen,  promoting  its  passage  along 
the  capillaries,  and  playing  an  important  part  in  the 
absorption  of  gases,  and  consequently  in  the  process 
of  respiration. 

The  gases  found  in,  or  forming  part  of,  the  body, 
besides  O,  N,  and  CI,  are  H,  COo,  CH.,  NHg,  and 
H,S. 

The  proximate  org^anic  compounds  may 

be  divided  into  two  groups  :  the  nitrogenous,  and  the 
non-n  itrogenous. 
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The  chief  nitrogenous  or  azotised  compounds  are  : 
proteids,  including  the  albumens,  fibrin,  casein, 
globulins,  and  peptones ;  the  albuminoids,  mucin, 
chondrin,  glutin,  keratin,  elastin,  and  ferments; 
the  biliary  acids ;  cerebrin,  lecithin,  and  many 
others. 

The  principal  non-azotised  compounds  are  the 
sugars,  grape  sugar,  milk  sugar,  inosite,  and  glycogen; 
the  fats,  stearin,  palmitin,  and  olein ;  and  the  organic 
acids,  formic,  butyric,  capronic,  lactic,  and  sarco-lactic 
acids. 

Ferments  and  fermentation. — The  pheno- 
mena of  fermentation  are  so  remarkable  that  they 
have  at  all  times  attracted  attention.  From  a  remote 
period  of  antiquity,  and  in  every  nation  that  has 
emerged  from  barbarism,  it  has  been  recognised  that 
the  heavy  and  indigestible  mass  resulting  from  the 
mixture  of  flour  with  water  can  be  rendered  light  and 
spongy  by  the  admixture  of  a  small  quantity  of  yeast, 
and  that,  after  baking,  the  now  porous  mass  is  con- 
verted into  wholesome  and  digestible  bread.  In  like 
manner,  the'addition  of  a  small  quantity  of  a  substance 
resembling  yeast  to  any  saccharine  fluid  changes  its 
nature,  renders  it  creamy  with  minute  bubbles,  and 
after  a  time  ends  by  leaving  the  body  of  the  fluid 
clear  and  transparent,  with  a  sediment  at  the  bottom 
and  a  scum  at  the  top^  but  now  converted  ^nto  an 
alcoholic  fluid,  variously  named  beer  or  wine,  mead  or 
pulque,  but  always  with  intoxicating  properties,  and 
a  flavour  dependent  on  the  source  from  which  the 
sugar  was  originally  derived.  The  singular  features 
of  the  process  are  the  minute  quantity  of  the  exciting 
agent  that  is  required — "  a  little  leaven  leaveneth  the. 
whole  lump," — the  rapidity  and  certainty  with  which 
at  ordinary  temperatures  the  action  takes  place,  and 
the  constancy  of  the  result.  In  all  cases  the  sugar 
originally  present  is  broken  up  into  alcohol  and 
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carbon  dioxide,  and  it  was  thought  that  the  decom- 
position might  thus  be  simply  formulated  : 

Glucose.  Alcohol.  Carbon  dioxide. 

CeHi^O,    =     aC^HeO     +  200,. 

But  the  experiments  of  Pasteur  have  shown  that  the 
action  is  far  more  complex,  since  in  the  case  of  grape 
sugar^  besides  the  alcohol  and  carbon  dioxide,  other 
products,  as  glycerin,  succinic  acid,  and  traces  of  the 
higher  alcohols,  appear,  whilst  a  portion  of  the  sugar  is 
taken  up  by  the  yeast  cells  and  converted  into  cellulose 
and  fat. 

The  range  of  temperature  most  favourable  to  the 
process  of  fermentation  is  from  20°  to  24°  0.  (68°  to 
75°  F.).  Heat  is  liberated  during  the  process,  about 
83  heat-units  being  evolved  for  each  unit  weight  of 
sugar  destroyed.  Fermentation  can  be  arrested  by 
the  addition  of  small  quantities  of  certain  reagents 
named  antiseptics,  examples  of  which  are  found  in 
corrosive  sublimate,  sulphurous  acid,  boracic  acid, 
thymol,  and  carbolic  acid. 

Ferments  have  been  separated  into  two  groups  : 
the  ^'formed"  and  the  unformed,"  "chemical"  or 
"  soluble  "  ferments.  In  case  of  the  alcoholic  fermen- 
tation, the  exciting  agent  of  the  process  appears  to  be 
a  unicellular  alga  named  saccharomyces^  the  various 
forms  of  which  act  with  different  degrees  of  activity 
in  different  fluids.  The  cells,  which  are  sometimes 
separate,  sometimes  arranged  in  chains,  multiply  by 
gemmation  or  budding,  and  are  about  y^th  mm.  in 
diameter.  The  ferment  of  wine  and  beer  is  therefore 
a  "  formed "  ferment,  and  the  breaking-up  of  the 
molecule  of  sugar  is  regarded  by  many  as  a  physio- 
logical function  of  the  cell ;  but  it  is  only  right  to  add 
that  sweet  fruit,  kept  in  an  inert  atmosphere  devoid 
of  free  oxygen,  evolves  carbonic  acid  with  formation 
of  alcohol,  and  it  has  been  proved  by  Pasteur  that 
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this  fermentation  is  not  accompanied  by  the  develop- 
ment of  any  microscopic  organism.  Closely  related 
to  this  is  the  well-established  fact  that  large  quantities 
of  sugar  may  be  made  to  ferment  by  means  of  yeast, 
without  the  latter  multiplying  to  any  noteworthy 
extent.  On  the  other  hand,  the  makers  of  German 
barm  obtain  large  quantities  of  yeast  without  pro- 
ducing much  alcohol.  Brefeld,  indeed,  succeeded,  by 
means  of  a  peculiar  artifice,  in  growing  saccharomyces 
in  brewer's  wort  without  producing  a  trace  of  alcohol. 
Hence  it  would  appear  that  vinous  fermentation,  far 
from  being  the  characteristic  life  function  of  healthy 
saccharomyces,  is  dependent  on  a  certain  pathological 
condition  of  cells,  normally  growing  in  darkness, 
which  is  brought  about  by  immersing  them  in  sac- 
charine fluids,  and  shutting  them  out  from  oxygen, 
which  they  need  for  their  healthy  development ;  and 
the  best  authorities  go  no  further  than  to  admit  that 
these  living  organisms  are  the  only  known  sources  for 
the  ferments  proper,  which  in  themselves  are  chemical 
substances  pure  and  simple.  Many  other  kinds  of 
fermentation — such  as  that,  for  instance,  in  which 
hydrated  milk  sugar,  C^gllggO^^^HgO,  yields  lactic  acid, 
4C3H^03 — are  associated  with  the  multiplication  and 
development  of  a  "formed  ferment,"  which  in  this 
case  is  known  as  the  hacterium  lactis,  and  is  of  ex- 
tremely small  size.  Similar  organisms  are  found  in 
viscous  fermentation,  to  which  wine  is  liable  when  it 
becomes  ropy  and  contains  a  kind  of  gum ;  in  butyric 
fermentation,  where  glucose  breaks  up  into  lactic 
acid,  butyric  acid,  carbon  dioxide,  and  hydrogen  gas ; 
and  in  putrefaction,  which  is  a  highly  complex  process. 

In  those  instances  in  which  the  process  of  fermen- 
tation is  not  attributable  to  the  action  of  organised 
bodies  like  cells,  but  to  the  presence  of  some  soluble 
agent  or  enzyme,*  the  action  appears  to  be  of  a  purely 
*  ev,  within  ;  ^vixrj,  leaven. 


Chap.  I.]     Ferments  and  Fermentation.  ii 

chemical  nature.  The  enzymes  have  been  divided  into 
the  sugar-forming,  the  peptone-forming,  the  albumen- 
forming,  the  glycerin-forming,  and  the  ammonia- 
forming.  Though  not  themselves  endowed  with 
vitality,  all  these  ferments  appear  to  be  immediate 
products  of  living  bodies,  and  to  be  generated  in  the 
cells  of  the  several  organs  by  which  they  are  secreted. 
None  of  them  have  been  artificially  made,  and  as  a 
rule  their  special  activity  is  lost  when  they  are  ex- 
posed in  a  moist  state  to  a  temperature  far  below  that 
of  boiling  water,  though  some  can  resist  that  tem- 
perature when  thoroughly  dry.  The  first  group  is 
the  most  numerous,  and  good  examples  of  enzymes 
belonging  to  it  occur  in  maltin  or  diastase,  which 
converts  starch  into  dextrin  and  dextrose  ;  emulsin, 
which  is  found  in  bitter  almonds,  and  decomposes 
amygdalin  into  sugar,  oil  of  bitter  almonds,  and  cyanic 
acid;  my  rosin,  contained  in  mustard- seed,  which,  acting 
on  potassium  myronate,  generates  the  acrid  volatile 
oil  of  mustard,  grape  sugar,  and  potassium  sulphate  ; 
and  lastly  invertin,  which  can  convert  cane  sugar  in 
the  presence  of  water  into  dextrose  and  Isevulose. 
The  soluble  enzymes  have  a  special  physiological 
interest,  since  they  include  some  of  the  most  remark- 
able examples  of  this  kind  of  influence  that  occur  in 
the  living  body  ;  such,  for  instance,  as  the  action  of 
the  salivary  and  pancreatic  ferments  upon  the  starches, 
of  pepsin  and  trypsin  on  the  proteids,  and  of  steapsin 
on  the  fats. 
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CHAPTEE  II. 

THE  CELL. 

The  cell  is  the  anatomical  unit  of  the  bodies  of  both 
plants  and  animals.  In  many  of  the  lower  fungi — as, 
for  example,  in  yeast,  and  in  many  organisms  which 
stand  on  the  border-land  between  plants  and  animals, 
as  in  the  amoeba — the  entire  body  is  composed  of  a 
single  cell ;  whilst  the  most  complex  forms,  in  both 
kingdoms,  invariably  proceed  from  one,  or  at  most 
the  union  of  two  cells,  and  are  wholly  composed  of 
cells  or  their  derivatives.  It  is,  therefore,  of  great 
importance  that  a  clear  idea  of  the  structure  and 
activities  of  a  cell  should  be  acquired.  The  cells,  both 
of  plants  and  animals,  are  usually  so  minute  as  to  be 
invisible  to  the  unassisted  eye,  but  those  of  animals 
are  generally  smaller  than  those  of  plants. 

The  plant-cell,  as  may  be  seen  in  a  section  of  a 
leaf,  is  typically  composed  of  five  parts,  namely,  the 
protoplasm,  the  nucleus,  leucites,  and  cell-juice,  en- 
closed in  a  cell-membrane  (Fig.  1 ).  The  protoplasm  and 
the  nucleus  may,  in  all  instances,  be  regarded  as  the 
active  and  essential  parts  of  the  cell.  The  cell-wall 
doubtless  possesses  certain  physical  properties  which 
are  serviceable  throughout  the  active  life  of  the  cell ; 
but  whilst  the  cell- wall,  leucites,  and  sap  may  each  in 
turn,  or  collectively,  be  absent,  the  protoplasm  and 
nucleus  are  constantly  present. 

I*rotoplasm*  is  a  colourless,  plastic,  tenacious, 
and  extensible  but  non-elastic  substance,  usually  soft 
and  yielding  enough  to  permit  any  solid  particle  to 
enter  easily  into  its  mass  on  slight  pressure,  and  to 

*  TTp^Tos,  first ;  irkacrixa,  form,  from  nkda-au),  to  mould. 
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pass  out  again  without  leaving  any  apparent  opening  ; 
but  in  some  plant  structures,  as  in  the  protoplasm 
of  various  seeds,  it  may  be  hard  and  brittle.  Its 
activity,  however,  is  then  always  latent,  and  warmth 
and  moisture  are  required  to  evoke  its  slumbering 
energy.  Protoplasm  is  very  permeable  to  water,  of 
which  it  contains  about  70  per  cent.  It  contains 
C,  H,  ISr,  O,  S,  CI,  K,  Na,  Ca,  Mg,  and  Fe.  High 
powers  of  the  microscope  show  that  it  consists  of  a 
reticulum  of  extremely  fine  fila- 
ments, in  the  areolae  of  which  a 
transparent  fluid  or  semi-fluid  sub- 
stance is  contained.  It  possesses 
the  remarkable  property  of  spon- 
taneous movement,  which  is 
sometimes,  as  may  be  seen  in  plant 
cells,  of  an  internal  streaming 
character,  recognisable  by  the  par- 
ticles or  leucites  that  are  borne 
along  definite  lines,  as  indicated 
by  the  arrows  in  Fig.  1,  at  the 
rate  of  about  one-thirtieth  of  an 
inch  in  a  minute.  In  other  in- 
stances, as  in  the  myxomycetes, 
slow  creeping  movements  are 
observed,  which  lead  to  change  of 
place.  In  such  amoeboid  move- 
ments, as  they  are  named,  pro- 
cesses are  thrust  forth  a  little  way 
and  then  retracted,  to  be  pushed 
out  like  feelers  in  some  other 
direction  ;  if  long,  they  may  touch 
and  fuse  with  each  other,  showing  clearly  enough  the 
absence  of  any  investing  membrane.  In  the  higher 
animals  the  protoplasm  of  different  cells  becomes 
highly  differentiated  or  specialised,  fulfilling  definite 
functions,  and  forming  the  tissue  of  the  several  organs 


Fig.  1.— Cell  of  hair  of 
chelidonium.  The 
arrows  indicate  the 
direction  of  the  cur- 
rents in  the  proto 
plasm, 

a.  Cell-wall  ;     &,  proto 
plasm  ;  c,  cell-jiiice  ;  d, 
nucleus ;  e,  nucleolus 
/,  leucite. 
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The  nucleus  is  a  small  spheroidal,  oval,  lenti- 
cular, or  staff-shaped  bodj,  usually  single,  but  some- 
times double  or  multiple.  It  is  the  centre  to  and 
from  which  the  protoplasmic  streams  run,  and  plays 
an  important  part  in  the  process  of  multiplication 
of  cells  by  division.  It  is  composed  of  a  substance 
termed  nuclein,  which  differs  from  protoplasm  in  con- 
taining phosphorus.  Its  substance  presents  a  delicate 
fibrous  reticulum  with  nodes  at  the  points  of  inter- 
section, the  largest  of  which  are  named  nucleoli. 
The  areolse  of  the  network  contain  a  clear  transparent 
material  named  nucleoplasm  or  enchylema  ;  f  the  fibres 
stain  readily,  and  are  termed  chromatin  %  fibres.  After 
a  cell  has  attained  its  maturity,  spaces  called  vacuoles 
appear,  which  are  at  first  occupied  by  a  clear  fluid, 
cell -juice  or  sap ;  but  sooner  or  later  the  fluid  is 
absorbed,  and  is  replaced  by  the  product  of  the  cell  as 
oil,  resin,  or  special  secretion. 

In  young  plant-cells  the  cell-wall  consists  of  a 
delicate,  transparent,  and  elastic  membrane,  composed 
of  a  starch-like  substance  named  cellulose ;  but  as 
age  advances,  this  becomes  oftentimes  greatly  changed 
in  form,  and  thickened  by  deposits  on  its  inner  surface, 
which  may  present  the  form  of  plates  or  rings  or 
spiral  fibres^  whilst  the  cell  as  a  whole  becomes 
modified,  as  a  result  of  mutual  pressure,  or  of  the 
action  of  the  protoplasm,  and  in  accordance  with  the 
function  it  has  to  perform,  into  very  varied  shapes^ 
such  as  polygons  or  scales,  or  stellate  bodies  or  fibres, 
examples  of  some  of  which  are  to  be  seen  in  any  sec- 
tion of  leaf  or  wood.  In  animal  cells  (Fig.  2)  the  cell- 
wall  is  often  absent,  and  the  little  mass  of  protoplasm 
has  received  the  names  of  cytode§  or  leucocyte.  ||  The 

*  Nucleus  (dim.  of  nux),  a  little  nut. 
t  kv,  within ;  xv\o<;,  juice. 
X  xpiti/jia,  colour. 

§  KVTos,  a  cell.  ll  Aeu/cds,  white  ;  kOto^,  a  cell. 
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presence  of  a  cell- wall  often  indicates  that  the  enclosed 
protoplasm  has  nearly  finished  its  work,  and,  though 
still  living,  is  ceasing  to  undergo  active  changes,  and 
is  about  to  become  only  a  supporting  or  protective 
structure,  such  as  wood  or  bark  in  plants,  and  epi- 
thelium, shell,  cartilage,  or  bone  in  animals. 

The  leucites  are  products  of  the  protoplasm,  and  in 
plants  are  familiar  to  the  microscopist  as  chlorophyll 


Fig.  2.— Various  Animal  Cells,  a,  Simple  polygonal  cell,  appearing 
hexagonal  on  section ;  b,  stellate  cell  presenting  processes  that  often 
communicate  with  those  of  other  cells ;  c,  fihre  cell,  with  staff- 
shaped  nucleus  ;  d,  nerve  cell. 

granules,  or  starch  grains.  The  former  are  always 
found  embedded  in  the  protoplasm,  and  fulfil  various 
functions,  the  chief  one  in  flowering  plants  being  the 
decomposition  of  carbon  dioxide  in  the  sunlight,  the 
fixation  of  carbon,  and  the  elimination  of  oxygen. 
They  can  scarcely  be  said  to  be  constituents  of  the 
protoplasm  of  animal  cells.  Their  place  is  taken  by 
fat  granules. 

Cell  division.— This  process  is  also  called  karyo- 
kinesisf  and  mitosis.X  The  nucleus  that  is  seen 
under  ordinary  circumstances  within  a  cell  is  in 

*  Aev/cos,  white.  t  Kapvov,  kernel;  KiVrjats,  movement. 

X  /xtT09,  a  thread,  a  web. 
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the  resting  or  passive  state.  Under  favourable  cir- 
cumstances it  becomes  active,  and  is  then  capable  of 


Fig-.  3.— Karyokinesis  in  the  nucleus  of  the  albumen  of  the 
Martagon  Lily. 

a  Nucleus  at  rest  with  several  nucleoli ;  &,  thickening  and  unrolling  of  the  fila- 
ment, which  becomes  broken  here  and  there  ;  c,  the  filament  is  broken  into 
twisted  segments,  and  the  discoid  chromatin  granules  undergo  transverse 
division  ;  d,  disappearance  of  the  nuclear  membrane  and  nucleoli,  arrange- 
ment of  the  rods  to  form  an  equatorial  plate ;  e,  formation  of  the  spindle 
and  commencement  of  longitudinal  division  of  the  curved  rods  ;  /,  slipping 
of  the  angular  rods  towards  the  poles  on  the  rods  of  the  spindle ;  gr,  formation 
of  new  nucleus  by  condensation  and  union  of  the  rods. 

undergoing  division.  This  process  is  of  a  complicated 
nature,  and  has  been  divided  into  several  stages, 
which  have  been  named  respectively  the  spirem^'^  the 

*  o-irelpa,  a  Coil. 
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monaster,^  the  dyaster,  and  the  dispirem.  The  first 
visible  change  in  a  cell  the  nucleus  of  which  is  about 
to  divide,  is  the  appearance  of  striae  radiating  from 
two  opposite  poles  in  the  protoplasm  surrounding  the 
nucleus  (Fig.  3,  a).  The  membrane  of  the  nucleus 
softens  and  breaks  down,  dissolving  in  the  cell  proto- 
plasm, which  fuses  with  the  nucleoplasm,  and  the 
nucleoli  disappear.  The  chromatin  filament  thickens 
and  shortens,  and  the  spirem  stage  is  reached  (h).  The 
filament  now  breaks  up  into  curved,  angular,  or  horse- 
shoe-shaped fragments  (c),  the  number  of  which  ap- 
pears to  be  definite  and  constant,  as  twelve  in  the  lily, 
eight  in  Alstroemeria,  sixteen  in  Listera^  and  twenty- 
four  in  the  epidermic  cells  of  the  salamander.  These 
curved  or  angular  batonets  form  an  equatorial  plate, 
crown,  or  disk,  constituting  the  monaster  stage  (d  and  e). 
Each  chromatin  batonet  divides  longitudinally  into  two 
daughter  fibres,  which  separate  from  each  other,  and 
glide  as  it  were,  or  are  directed  by  the  achromatin 
striae,  towards  opposite  poles,  which  they  approximate, 
but  do  not  reach  (/) ;  their  angles  are  directed 
towards  the  pole,  and  the  nucleus  now  reaches  the 
dy aster  stage.  Finally,  the  chromatin  filaments  appear 
to  unite  end  to  end,  the  membrane  of  the  nucleus  and 
the  nucleoli  appear,  and  coincidently  the  protoplasm 
of  the  original  cells  divides  into  two  segments,  and  the 
formation  of  two  cells  is  completed  {g). 


*  ix6vo^^  single  ;  ao-ri^p,  a  star* 
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CHAPTER  III. 

THE  BLOOD. 

Blood  may  be  regarded  as  a  tissue  in  which  the  matrix 
is  fluid  and  in  which  cell-like  elements  floaty  the  whole 
being  in  constant  motion. 

Physical  properties  of  the  Wood.-— Blood  is 
of  a  red  colour,  varying  in  different  parts  of  the 
circulating  system  from  a  carmine  or  almost  purple 
tint  to  vermilion.  It  is  usually  brighter  in  the 
arteries  than  in  the  veins,  owing  to  the  arterial  blood 
being  charged  with  oxygen,  whilst  that  in  the  veins 
contains  less  oxidised  colouring  matter.  Arterial 
blood  is  monochroic,  venous  is  dichroic  •  that  is, 
when  seen  by  reflected  light  it  is  red,  but  when  by 
transmitted  light,  bottle-green.  The  blood  both  of 
arteries  and  of  veins  varies  under  different  circum- 
stances. Thus,  in  women  in  an  advanced  stage  of 
pregnancy  the  arterial  blood  is  somewhat  darker  than 
at  other  periods,  since  it  is  charged  with  the  carbonic 
acid  of  the  foetus  as  well  as  its  own.  On  the  other 
hand,  it  is  paler  in  splenic  diseases,  in  chlorosis,  and 
leukaemia.  The  blood  of  different  veins  is  not  equally 
dark ;  the  brightest  blood  is  that  returning  from  the 
kidneys,  and  from  secreting  glands  in  action.  Blood 
is  exceedingly  opaque,  a  comparatively  thin  layer  en- 
tirely intercepting  the  passage  of  lighti  If,  however, 
it  be  frozen  and  melted,  or  if  chloroform  be  added  to 
it,  it  becomes  transparent,  and  is  then  termed  laky 
blood,"  the  change  being  due  to  the  escape  of  the 
colouring  matter  from  the  corpuscles,  and  its  solution 
in  the  plasma. 

Blood  presents  an  alkaline  reaction  when  freshly 
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drawn,  which,  however,  soon  becomes  less  marked, 
owing  to  the  formation  of  acids.  The  reaction  may 
be  shown  by  allowing  a  drop  of  blood  to  fall  upon  a 
slip  of  glazed  red  litmus  paper,  as  recommended 
by  Schafer,  and  quickly  removing  it  by  a  stream  of 
distilled  water,  when  a  blue  spot  will  indicate  the 
former  position  of  the  drop.  The  smell  of  blood,  or 
halitus  sanguinis,  resembles  that  of  the  animal  from 
which  it  is  drawn,  and  may  be  rendered  more 
perceptible  by  the  addition  of  a  little  strong  sulphuric 
acid,  which  expels  the  volatile  fatty  acids  to  which  it 
is  due.  The  taste  is  saline  and  mawkish.  Its  sp.  gr. 
is  1056,  with  extremes  of  1045  and  1077. 

Quantity  of  the  blood.— The  quantity  of  the 
blood  in  man  is  estimated  to  be  from  one-twelfth  to 
one- fourteenth  of  the  weight  of  the  body,  so  that  a 
man  weighing  twelve  stone  has  about  fifteen  pounds 
of  blood  in  his  body.  It  may  be  determined  by 
Welcker's  method,  which  consists  in  collecting  all  the 
blood  that  can  be  obtained  by  simultaneously  opening 
the  larger  vessels.  This  gives  approximately  the  total 
quantity  contained  in  the  bodyj  but  approximately 
only,  for  a  considerable  quantity  still  remains  in  the 
capillaries  of  the  muscles,  and  of  various  isolated 
organs,  as  the  brain,  spleen,  and  liver.  To  estimate 
this  extra  quantity,  the  body  is  finely  minced  and 
thrown  into  a  large  quantity  of  water.  The  colour 
of  the  infusion  is  then  compared  with  that  of  a  series 
of  test  liquids  in  which  water  is  mingled  with  known 
quantities  of  blood,  and  a  tolerably  accurate  conclu- 
sion may  thus  be  drawn  of  the  quantity  present  in  the 
body  after  the  general  bleeding.  A  modification  of 
this  method  has  been  employed  by  Gescheidlen,  in 
which  the  tint  of  the  blood  is  rendered  uniform,  and 
decomposition  retarded  by  treating  the  blood  with 
carbon  monoxide.  Lehmanri,  with  Weber,  obtained  a 
higher  number  than  that  given  above*   These  observers 
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determined  the  weight  of  two  criminals  before  as 
well  as  after  decapitation,  and  having  washed  out  the 
vessels  with  water,  the  quantity  of  blood  remaining  in 
the  body  was  calculated  by  instituting  a  comparison 
between  the  solid  residue  of  the  pale  red  aqueous 
fluid  and  that  of  the  blood  which  first  escaped.  In 
these  cases  the  weight  of  the  blood,  as  compared  with 
that  of  the  whole  body,  was  in  the  proportion  of  one 
to  eight.  The  quantity  of  blood  is  greatly  increased 
after  a  meal,  especially  when  liquid  has  been  taken. 


Fig.  4. — Eed  Blood  Corpuscles,  showing  the  variations  in  size  that  may 
be  met  with  in  the  blood  of  the  same  person. 

a.  Large  or  giant  corpuscle  9.M  5  in  diameter;  hb,  corpuscles  of  average 
size  7  f^  2  —  7-^8;  ccc,  small  or  dwarf  corpuscles  6./x  or  less ;  d,  spherical 
corpuscle  ;  e,  spinous  or  horse-chestnut  form  (Hayem).   This  form  is  never 
seen  in  living  or  quite  freshly-drawn  blood,  and  is  therefore  the  result  of 
exposure  to  air  or  to  reagents- 
It  does  not  diminish,  but  rather  increases  relatively  to 
the  weight  of  the  body,  in  inanition.    In  the  new-born 
child  it  is  only  about  one-nineteenth  of  the  total 
weight  of  the  body.     An  increase  takes  place  during 
pregnancy,  especially  in  the  latter  half.    In  plethora 
the  quantity  of  the  blood  is  augmented,  in  anaemia 
diminished.    After  severe  haemorrhages,  the  loss  of 
blood  is  soon  restored,  though  the  corpuscles  are 
manifestly  fewer  in  number. 

Morpliological  or  formed  elements  of  the 
blood. — Blood  contains  coloured  and  colourless 
corpuscles. 

The  coloured  corpuscles,  commonly  termed  the  red 
corpuscles,  are  biconcave,  faintly  yellow,  non-nucleated 
disks  with  an  average   diameter  of  -sVuo*^ 
inch  and  a  thickness  of  tt^otj^^  inch.  About 
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25  per  cent,  are  a  little  larger,  and  about  25  per  cent,  a 
little  smaller  than  the  average.  The  smaller  are  gener- 
ally believed  to  be  immature  corpuscles,  and  have  been 
named  microcytes  or  hsematoblasts  ^  (Figs.  4  and  6). 

The  larger  corpuscles  are  often  very  pale  and 
spherical,  and  may  be  in  process  of  decay.  The  red 
corpuscles  are  both  viscous  and  elastic.  Their  viscidity 
is  shown  by  their  adhesion  when  brought  into  contact ; 
whilst  if  pressed  or  pulled  apart,  they  remain  for  a  time 
attached  by  an  extensile  thread.  Their  elasticity  is 
shown  by  the  temporary  alteration  in  form  they  under- 
go in  bending  round  the  angle  of  division  of  a  small 


Fig.  5. — Formation  of  rouleaux  by  the  coaptation  of  surfaces  of  the  disks. 

vessel.  Their  specific  gravity  is  nearly  1*1,  which  is 
greater  than  that  of  the  fluid  which  surrounds  them. 
Hence,  when  this  is  at  rest,  they  have  a  tendency  to  fall 
to  the  bottom,  which  takes  place  the  more  quickly  owing 
to  their  disposition  to  form  rouleaux,  and  thus  to  pre- 
sent their  edges  rather  than  their  surfaces  to  the  fluid 
(Fig.  5).  They  consist,  when  dry,  of  a  colouring  matter 
named  hcemoglobin,  which  constitutes  90  per  cent, 
of  their  weight.  The  colouring  matter  is  intimately 
connected  with  a  colourless  stroma,  and  by  various 
reagents  a  separation  of  the  two  can  be  eflected. 

The  essential  purpose  fulfilled  by  the  red  corpuscles 
is  that  of  oxygen-carriers ;  for  the  haemoglobin  they 
contain  combines  with  oxygen  during  their  transit 
through  the  lungs,  and  surrenders  it  to  the  tissues  as 
it  traverses  them. 

*  /mtxpos,  small ;  /curt?,  a  small  box ;  at/xa,  blood  ;  ^Aao-roT,  a  sprout. 
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The  white  corpuscles  or  leucocytes  (c,  Fig.  6) 

are  spheroidal  nucleated  masses  of  protoplasm,  having 
an  average  diameter  of  a-rVo^^  ^^^^  y  ^^^^ 

finely,  others  are  coarsely  granular.  They  are  capable 
of  executing  amoeboid  movements,  which  are  most  active 
at  temperatures  between  38°  and  40°  0.,  and  may  then 
be  at  a  rate  of  progression  of  13  mm.  per  minute. 
Such  movements  under  favourable  conditions  may 
last  for  two  or  three  hours  after  the  blood  has  been 
withdrawn  from  the  body.    The  white  corpuscles  are 


Fig.  6. — a  and  Eouleaux  of  red  corpuscles  ;  c,  finely  granular,  and  d 
coarsely  granular,  colourless  corpuscles  ;  heBmatoWasts,  some  of 
which  are  spheroidal,  others  deformed ;  /,  profile  view  of  red  cor- 
puscle ;  /'  white  corpuscle  thrusting  forth  pseudopodia. 

capable,  like  amcebse,  of  taking  up  minute  particles 
of  various  colouring  matters,  as  carmine  and  indigo, 
into  their  interior. 

The  protoplasm  of  the  colourless  corpuscles  is  a 
proteid  containing  many  granules,  which  undergoes 
partial  decomposition,  or  at  least  coagulation,  at  a  little 
above  40^  0.  It  swells  and  becomes  transparent 
when  treated  with  acetic  acid.  It  dissolves  in  a  10 
per  cent,  solution  of  ISTaCl,  the  nuclei,  which  are 
large  and  consist  of  nuclein,  remaining  undissolved. 
The  white  corpuscles  contain  glycogen  (recognisable 
by  the  reddish  colour  it  gives  with  potassium  iodide 
and  iodine),  myosin,  cholesterin  and  protagon,  nuclein, 
lecithin,  and  sometimes  a  few  minute  fat  granules. 
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The  use  of  the  white  corpuscles  is  not  certainly 
known,  but  amongst  other  purposes  they  probably  sub- 
serve the  repair  of  tissues  and  the 
removal  of  foreign  bodies,  and  aid 
in  the  production  of  the  red  cor- 
puscles. 

Enumeration  of  blood 
corpuscles. — This  is  effected  by 
means  of  an  instrument  named 
haematometer,  hsematocytometer, 
or  hsematoglobulimeter  (Fig.  7).* 
One  of  the  best  forms  of  the 
instrument  consists  of  a  capillary 
glass  tube,  the  lower  part  of  which 
(a)  is  divided  into  decimals  of 
a  cubic  millimetre,  Above  the 
mark  indicating  1  cmm.  the  tube 
is  expanded  into  a  bulb  (5),  which 
holds  exactly  100  cmm.  In  order 
that  the  corpuscles  may  be  counted, 
the  blood  must,  of  course,  be 
diluted.  If  it  is  required  to  dilute 
the  blood  with  one  hundred  times 
its  volume  of  fluid,  the  nozzle  of 
the  pipette  is  inserted  into  the 
blood,  and  it  is  sucked  up  to  the  Fig.  7.— The  Pipette  of  a 
mark  1  cmm.,  and  a  quantity  of  nor- 
mal saline  solution  f  is  then  sucked 
up  the  capillary  tube  to  the  mark 
101  cmm.,  by  the  mouth  being  ap- 
plied to  the  extremity  of  the  india- 
rubber  tube  c.  If  a  dilution  of  one  part  of  blood  with 
200  of  the  solution  is  required,  the  blood  is  only  sucked 
up  to  the  mark  0*5  cmm.  on  the  capillary  tube.    In  the 

*  atjixa,  blood  ;  <<UT05  or  globus,  a  globe  ;  fxirpov,  a  measure, 
t  Containing  075  of  NaCl  in  100  parts  of  HgO. 


Hsematoglobulimeter. 

,  Nozzle  perforated  by  a 
capillary  tube  holding  1 
cubic  millimeter ;  &,  bulb 
holding  XOO  cubic  milli- 
metres ;  c,  indiarubber 
tubing. 
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bulb  is  a  small  glass  ball  which  acts  as  an  agitator 
to  mix  the  saline  solution  with  the  blood.  When 
thoroughly  mingled  by  shaking,  a  minute  drop  is 
ejected  into  a  small  cell  y^Vo^^  ^  cubic  millimetre 
in  capacity,  by  blowing  through  the  indiarubber  tube. 
In  this  small  space  the  blood  corpuscles  may  be  counted, 
and  the  number  multiplied  by  1,000  ;  this  will  give 
the  number  of  corpuscles  in  1  cubic  millimetre  of  the 
diluted  blood.  It  is  only  necessary  to  multiply  this 
again  by  100  or  500  or  1,000,  according  to  the  degree 
of  dilution,  to  obtain  the  number  of  corpuscles  in  one 
cubic  millimetre  of  the  sample  of  blood. 

Estimated  by  this  means,  the  number  of  the  cor- 
puscles is  found  to  be  enormous,  a  cubic  millimetre 
containing  about  5,000,000  of  red  corpuscles,  about 
6,000  white  corpuscles,  and  about  250,000  hsemato- 
blasts.  Estimates — which  are,  of  course,  only  approxi- 
mate— show  that  the  red  corpuscles  of  an  adult  present 
an  aggregate  surface  of  about  3,000  square  yards,  whilst 
the  surface  they  present  for  the  absorption  of  oxygen 
in  the  lungs  each  second  is  about  80  square  yards. 

The  spectrum  of  blood. — A  sunbeam  trans- 
mitted through  a  prism  of  glass  is  broken  up  into 
rays  of  different  refrangibility,  the  result  being  a 
spectrum  or  line  of  various  colours,  those  of  least 
refrangibility  being  the  red,  and  those  of  the  greatest 
violet,  the  order  being  invariable,  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  Careful  examination  of 
the  spectrum  shows  that  it  is  crossed  at  right  angles 
to  its  length  by  many  hundreds  of  dark  lines,  named 
"  Frauenhofer's  lines."  These  lines  are  termed  absorp- 
tion lines,  and  physicists  have  proved  that  they  result 
from  the  absorption  by  the  vapour  of  the  metal  of  the 
light  emitted  by  the  same  metal  when  incandescent ; 
and  hence  the  presence  of  certain  metals  in  the  sun,  as 
of  sodium,  potassium,  iron,  and  many  others,  is  well 
ascertained,  each  metal  corresponding  to  one  or  more 
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dark  lines,  the  chief  of  which  have  been  lettered  A, 
B,  c,  D,  and  E,  whilst  the  less  conspicuous  lines  are 
known  either  by  small  Roman  letters  or  by  numbers. 

Now  if  the  solar  spectrum  be  looked  at  through 
a  layer  of  blood,  it  will  be  found  that  a  stratum 
1  centimetre  thick  will  stop  the  passage  of  all  light ; 


dCB 


Fig.  8. 


This  figure  shows  instructively  the  effects  on  the  spectrum  of  a  gradually  in- 
creasing thickness  of  the  layer  of  diluted  haemoglobin  solution.  As  the  layer 
increases  from  0  to  0*1  cmm.  the  two  dark  bands  between  D  and  E  make  their 
appearance,  with  considerable  absorption  at  the  violet  end,  and  the  breadth 
of  these  absorption  bands  increases  till,  with  a  thickneos  of  1  centimetre,  no 
light  passes.  The  line  PP  shows  the  spectrum  of  a  solution  used  by  Preyer 
as  a  test  of  the  presence  of  a  certain  proportion  of  blood  in  any  solution. 

but  if  it  be  gradually  diluted  with  water,  the  yellow 
and  then  the  orange  and  green  rays  begin  to  pass, 
and  at  the  same  time  two  dark  bands,  known  as 
"  absorption  "  bands,  make  their  appearance  between 
the  solar  lines  D  and  e  (Fig.  8), 
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This  is  the  absorption  spectrum  of  arterial  blood, 
or  of  oxyhcemoglohin. 

The  two  bands  are  most  distinctly  seen  when  a 
stratum  1  centimetre  thick  of  a  solution  containing 
one  part  of  haemoglobin  dissolved  in  1,000  of  water 
is  examined. 

The  absorption  band  at  D  is  still  visible  in  a 
layer  1  centimetre  thick  of  blood  diluted  with  4,500 
parts  of  water.  But  when  diluted  beyond  this  degree, 
no  absorption  band  can  be  perceived. 

The  darker  red  colour  of  venous  blood  is  due  to  the 
circumstance  that  it  both  transmits  and  reflects  chiefly 
the  darker  rays  of  the  spectrum  between  A  and  c  of 
Frauenhofer's  lines.  Arterial  blood  both  transmits 
and  reflects  the  brighter  rays  between  c  and  D.  It 
absorbs  the  green  rays.  Yenous  blood  transmits 
green  and  blue  in  part ;  and  hence  its  bluish  appear- 
ance in  thick  layers,  and  its  greenish  tint  in  thin 
layers.  The  difference  between  the  hue  of  arterial 
and  venous  blood  is  but  slight ;  both  have  a  cherry- 
red  colour. 

If,  by  means  of  reducing  agents,  the  oxygen  be 
withdrawn  from  the  blood,  the  oxyhsemoglobin  ordi- 
narily present  is  reduced  or  converted  into  haemo- 
globin, the  double  absorption  band  disappears  and  is 
replaced  by  a  single  band  {see  Frontispiece),  which  oc- 
cupies a  position  nearly  intermediate  to  the  two  bands 
of  oxyhsemoglobin.  Such  a  reducing  agent  is  found  in 
the  light  green  fluid  named  "  Stokes's  "  fluid,  which 
results  from  the  addition  of  ammonia  in  excess  to  a 
solution  of  ferrous  sulphate  and  tartaric  acid.  When 
a  few  drops  of  this  solution  are  added  to  blood 
oxidised  by  exposure  to  air,  the  colour  of  the  blood 
becomes  darker,  and  the  double  band  of  oxyhsemo- 
globin  is  replaced  by  a  single  band  of  reduced  or 
ordinary  haemoglobin.  The  simple  act  of  shaking  the 
vessel,  by  exposing  the  colouring  matter  to  oxygen, 
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causes  the  double  band  to  reappear,  but  it  can  again 
be  changed  into  the  single  band  by  repose.  It  is  thus 
evident  that  reduced  haemoglobin  has  a  stronger 
affinity  for  oxygen  than  the  ferrous  salt,  but  yields  it 
to  the  salt  after  a  short  period.  Ordinary  haemoglobin 
can  also  be  obtained  from  oxyhaemoglobin  by  expos- 
ing the  blood  or  solution  of  haemoglobin  to  the  low 
pressure  of  a  Torricellian  vacuum,  the  oxygen  separat- 
ing from  the  haemoglobin  by  what  is  termed  an  act  of 
dissociation.  Gamgee  found  that  at  40^  C.  the  dis- 
sociation occurred  at  a  pressure  of  about  30  mm.  of 
mercury.  Blood  which  has  been  exposed  to  the  action 
of  CO  presents  two  absorption  bands  which  are  nearly 
identical  with  those  of  oxyhaemoglobin,  the  band 
nearest  to  the  E  line  of  the  solar  spectrum  being 
shifted  a  little  towards  the  violet  end  of  the  spectrum. 

The  combination  of  CO  with  haemoglobin  forms  a 
more  stable  compound  than  the  combination  of  O 
with  haemoglobin,  which  explains  the  circumstance 
that  those  who  have  been  exposed  to  CO  gas  do  not 
recover  when  brought  into  fresh  air,  or  are  subjected 
to  artificial  respiration,  since  the  oxygen  is  unable  to 
dissociate  the  CO  compound  and  replace  that  gas. 
The  spectra  of  solutions  of  modified  blood-colouring 
matter  present  well-marked  differences.  Thus  in  solu- 
tions of  methaemoglobin  the  absorption  band  between 
c  and  D  in  the  red  shifts  towards  c.  Acid  solution  of 
haematin  gives  two  bands,  one  well  defined  near  c,  the 
other  diffuse  between  d  and  f,  which  on  dilution  pre- 
sents a  subdivision  into  three  bands.  Alkaline  solu- 
tions of  haematin  give  one  strong  band  between  c  and 
D,  which  passes  beyond  d. 

COMPOSITIOJf  OF  THE  BLOOD. 

The  quantitative  composition  of  the  blood  varies 
considerably  in  different  persons,  and  even  in  different 
parts  of  the  same  person.  The  following  table  represents 
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that  of  the  horse,  but  may  be  taken  as  similar  to  that 
of  man  : 

(  Water  200 

^  Cells,  328  \ 


'  Solids,  128 


(  Hsemoglobin  116 

)  Other      organic  com- 


pounds  10 


Salts 


Plasma,  672  - 


Water   604 

'Fibrin   7 

Albumen   52 

Fat   1 

Other     organic  com- 

Solids,  68  -j     pounds   3 

Potassium    and  sodium 

salts   4 

Calcium  and  magnesium 

salts   1 

The  proteids  of  the  blood.— The  coloured 
corpuscles  contain  from  5  to  1 2  per  cent,  of  proteids. 
The  most  important  of  these  is  haemoglobin. 

Hsemog'lobin.* —  This  substance  constitutes  from 
12  to  15  per  cent,  of  the  total  mass  of  the  blood, 
and  about  90  per  cent,  of  the  dry  red  corpuscles. 
It  stands  almost  alone  in  the  complexity  of  its 
constitution,  the  formula  for  each  molecule  being 
CgQQHggQN^^g^FeSgOjyg.  It  has  a  strong  affinity  for 
oxygen,  1  gramme  of  haemoglobin  being  capable  of 
taking  up  1*27  cubic  centimetre  of  oxygen  at  0°  0. 
and  1  metre  pressure.  It  is  then  termed  oxyhcemo- 
glohin.  The  oxygen  can  be  displaced  by  the  air  pump 
and  various  agents,  and  more  particularly  by  the 
tissues  of  the  body,  which  have  a  stronger  affinity  for 
oxygen  than  haemoglobin.  It  is  then  termed  reduced 
hcemoglobin.  Haemoglobin  therefore  acts  as  an  oxygen- 
carrier,  absorbing  and  combining  with  oxygen  as  it 
traverses  the  lungs,  parting  with  it  as  it  courses 
through   the  body.    Oxyhaemoglobin  crystallises  in 

*  alixa,  blood ;  globus,  a  sphere. 
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forms  belonging  to  the  rhombic  system  as  in  man 
and  most  mammals,  and  to  the  hexagonal  system  as  in 
the  squirrel  and  hamster.  The  crystals  are  doubly 
refracting  and  pleochromatic.  They  may  be  obtained 
by  various  methods,  the  principle  in  most  of  which  is  to 
effect  the  solution  of  the  hsemoglobin,  either  in  serum 
or  water,  and  then  by  the  addition  of  alcohol  or  by 
the  agency  of  cold,  or  of  both  conjointly,  to  cause  the 
hsemoglobin  to  crystallise  out  (Gamgee).  Another 
method  is  to  mount  a  drop  of  defibrinated  blood  in  a 
drop  of  Canada  balsam  (Halliburton,  Lea).  Crystals 
of  oxy haemoglobin  can  easily  be  obtained  from  the  blood 
of  the  guinea-pig,  rat,  dog,  horse,  and  carp ;  with 
difficulty  from  the  blood  of  man,  sheep,  and  rabbit  \ 
and  with  great  difficulty  from  the  ox,  pig,  and  frog. 
Moist  haemoglobin  is  a  pasty  red  mass,  evincing  when 
pure  and  kept  in  vacuo  little  or  no  tendency  to  de- 
composition, readily  dissolving  in  weak  solutions  of  the 
caustic  and  of  the  carbonated  alkalies,  and  easily  de- 
composed by  strong  alkaline  solutions,  as  well  as  by 
acids  and  acid  salts,  with  formation  of  hsematin.  100 
parts  by  weight  of  blood  contain  12  to  15  parts  of 
haemoglobin.  Haemoglobin  is  the  only  substance  in 
the  blood  which  contains  iron.  There  are  4*3  parts 
of  iron  in  every  1,000  parts  of  haemoglobin,  and  about 
45  grains  in  the  total  blood  of  the  adult. 

Products  of  the  decomposition  of  hsemo- 
g^lobiu. — When  haemoglobin  undergoes  decomposition 
without  access  of  oxygen,  it  yields  a  proteid  and  a 
body  named  hoemochromogen  ;^  but  when  it  is  exposed 
to  air  for  some  time,  haemoglobin  loses  its  blood-red 
colour,  assumes  a  bi*ownish  tint,  presents  an  acid 
reaction,  is  precipitated  by  solutions  of  basic  lead 
acetate,  and  gives  a  spectrum  in  which  the  two  bands 
of  oxyhaeraoglobin  are  faint,  whilst  a  new  band 
appears  in  the  red  near  c.  On  adding  some  reducing 
*  aljua,  blood  ;  xpt^ii-a,  colour ;  yevvau),  to  generate-. 
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agent,  as  sulphide  of  ammonium,  the  fluid  gives  the 
spectrum  of  reduced  haemoglobin,  whilst  on  shaking 
the  solution  containing  the  latter  with  air,  oxyheemo- 
globin  is  again  formed. 

Metlieeinog^lobiii;— If  a  few  drops  of  defibrinated 
blood  be  mixed  with  an  equal  quantity  of  amyl  nitrite 
and  shaken  vigorously,  the  mixture  changes  in  colour, 
assuming  a  dark  chocolate  hue,  and,  on  setting  aside, 
crystals  of  methsemoglobin  soon  form.  These  are  rhom- 
bic in  man  and  in  most  mammals,  and  hexagonal  in  the 
squirrel.  The  composition  of  methaemoglobin  is  the 
same  as  haemoglobin,  except  that  the  oxygen  it  contains 
is  more  firmly  united  with  the  other  constituents.  Spots 
of  blood  dried  in  the  air  contain  only  methsemoglobin. 

Hsematin. — This  is  one  of  the  products  of  the 
decomposition  of  haemoglobin  by  the  action  of  acids 
or  of  alkalies,  in  presence  of  oxygen.  It  is  also 
formed  by  the  oxidation  of  haemochromogen,  and  re- 
ducing agents  convert  it  again  into  haemochromogen. 
When  blood  is  treated  with  acetic  acid,  it  assumes  a 
brown  tint,  and  the  acid  haematin  formed  can  be 
dissolved  out  with  ether.  Pure  haematin  is  of  blue- 
black  colour  with  metallic  lustre,  and  does  not  crys- 
tallise. Its  formula  is  CggH^QNgFegO^Q.  It  contains 
12*6  per  cent,  of  oxide  of  iron,  which  may  be  separated 
by  concentrated  sulphuric  acid,  the  resulting  body 
being  named  hcematoporphyrin.^  It  is  insoluble  in 
water.  The  ethereal  solution  presents  four  absorption 
bands,  two  between  c  and  D,  one  between  d  and  E, 
and  another  between  h  and  F. 

Hsemiii. — When  a  drop  of  blood  is  boiled  with 
glacial  acetic  acid  and  a  little  common  salt,  it  imme- 
diately becomes  brown,  and  on  evaporation  reddish- 
brown  prismatic  crystals  may  be  obtained,  which  are 
those  of  hsemin  or  haematin  hydrochlorate.  Similar 
crystals  have  been  obtained  by  using  the  iodides  and 
*  aVa,  blood ;  TTop^upo),  to  grow  purple. 
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bromides  instead  of  common  salt.  Tliey  are  insoluble 
in  water,  scarcely  soluble  in  hot  alcohol  and  ether, 
soluble  in  liquor  potassee.  They  are  of  much  import- 
ance in  medico-legal  inquiries* 

Hsematoidin. — This  name  is  given  to  the  yellow 
microscopical  crystals  found  in  old  apoplectic  clots 
and  other  extravasations  of  blood.  They  appear  to 
be  identical  in  form  with  those  of  bilirubin,  and,  when 
treated  with  fuming  nitric  acid,  give  the  same  colour 
reaction  as  the  chief  colouring  matter  of  human  bile. 
They  contain  no  iron. 

PLASMA  OF  THE  BLOOD. 

The  fluid  in  which  the  corpuscles  float  is  the 
plasma.  It  is  viscous,  of  yellowish  colour  when  in 
mass,  with  specific  gravity  of  1026  to  1029.  Its  re- 
action is  alkaline.  It  solidifies  on  boiling,  and  is 
capable  of  spontaneous  coagulation  in  the  presence  of 
white  corpuscles,  or  of  the  products  of  their  disinte- 
gration i  It  contains  certain  proteids,  the  most  im- 
portant being  paraglobulin  and  fibrinogen  and  a 
material  to  which  the  name  of  fibrin  ferment  has 
been  applied. 

Salts  of  th^  blood. — There  is  a  remarkable 
difference  in  the  distribution  of  the  salts  of  the  blood 
between  the  corpuscles  and  the  plavsma.  Thus  1,000 
parts  of  moist  corpuscles  yield  (exclusive  of  iron) 
8  parts  of  mineral  matter^  of  which  potassium  forms 
3*3  parts,  phosphorus  pentoxide  I'l  part,  sodium  1 
part,  and  chlorine  1*7  part,  calcium,  magnesium,  and 
sulphuric  anhydride  making  up  the  rest;  whilst  1,000 
parts  of  plasma  yield  8  "6  parts  of  mineral  matters,  of 
which  chlorine  foi'ms  3*6  parts,  sodium  3*3,  potassium 
only  0-3  part,  with  the  rest  made  up  as  in  the 
corpuscles. 

The  g-ases  of  the  blood.— When  arterial  blood 
is  exposed  to  the  vacuum  of  an  air-pump,  a  considerable 


32 


Human  Physiology.  [Chap.  iii. 


quantity  of  gas  is  given  off,  amounting  to  about  half 
its  volume,  and  to  about  y^Vo^^  weight.  Thus, 

if  100  parts  of  blood  drawn  from  the  carotid  artery 
of  a  dog  be  exhausted,  the  gases  obtained  from  it 
show  that  calculated  for  0°  C.  and  1  m.  pressure  of 
mercury,  it  contained  17  parts  of  oxygen,  29  parts  of 
carbonic  anhydride,  and  1*4  part  of  nitrogen. 

The  quantity  of  oxygen  contained  in  venous  blood 
varies  within  wide  limits  ;  thus,  the  blood  returning 
from  quiescent  muscles  contains  only  6  per  cent.,  whilst 
in  the  blood  of  asphyxiated  animals  it  may  be  almost 
entirely  absent.  A  small  part  of  the  oxygen  is  simply 
absorbed,  just  as  oxygen  is  absorbed  by  water;  but  by 
far  the  larger  part  is  taken  up,  not  in  accordance  with 
the  law  of  Dalton,  but  as  a  result  of  the  aflSnity  of  the 
haemoglobin  of  the  red  corpuscles  for  it,  and  quite  in- 
dependently of  pressure.  The  former  portion  is  given 
off  exactly  in  proportion  as  the  pressure  is  diminished  ; 
but  the  second  portion  is  retained  when  the  tempera- 
ture is  low,  until  the  pressure  is  diminished  to  about 
20  mm.  of  mercury,  when  it  is  suddenly  released  by 
the  haemoglobin.  Exposure  of  the  blood  to  a  pressure 
of  6  atmospheres  causes  but  little  increase  in  the 
quantity  of  oxygen  absorbed.  That  portion  of  the 
oxygen  which  is  associated  with  the  haemoglobin  is  so 
feebly  combined  with  it  that  it  is  given  off  on  boiling, 
or  by  the  transmission  through  the  blood  of  other 
gases,  or  by  the  addition  of  various  reducing  agents, 
such  as  ammonium  sulphide,  hydrogen  sulphide,  and 
iron  filings.  The  oxygen  absorbed  into  the  blood 
seems  to  be  rendered  active,  or  to  be  converted  into 
ozone,  and  the  haemoglobin  is  really  an  ozone-carrier. 
This  may  be  demonstrated  by  adding  to  oil  of  tur- 
pentine which  has  been  exposed  to  the  air,  and  which 
therefore  contains  ozone,  some  tincture  of  guaiacum. 
No  change  is  visible,  but  if  a  little  blood  be  added, 
the  mixture  immediately  becomes  blue,  owing  to  the 
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haemoglobin  abstracting  ozone  from  the  oil  of  turpen- 
tine, and  parting  with  it  to  the  tincture  of  guaiacum. 

The  carbon  dioxide  contained  in  the  blood  is  in 
a  state  of  chemical  combination,  since  all  fluids  that 
simply  absorb  this  gas  have  an  acid  reaction,  whilst 
the  blood  is  alkaline,  and  it  appears  to  be  combined 
with  sodium,  partly  as  a  carbonate  and  partly  as  a 
bicarbonate.  The  latter  portion  can  be  extracted  by  the 
air-pump  alone,  the  former  requires  the  addition  of  an 
acid.  A  small  quantity  is  combined  with  the  sodium 
phosphate,  two  equivalents  of  which  take  up  one  of  COg, 
becoming  changed  into  acid  sodium  phosphate  and 
neutral  sodium  carbonate.  The  proportion  of  COg  in 
the  blood  may  vary  from  30  vol.  per  cent,  in  arte- 
rial blood,  at  0°  C.  and  1  m.  pressure,  to  35  vol.  per 
cent,  in  the  venous  blood  of  inactive  muscle,  and  it 
may  even  rise  as  high  as  52*6  vol.  per  cent,  in  asphyxia. 
Since  100  parts  of  blood  may  contain  30*5  vol.  COg, 
and  yet  100  parts  of  serum  of  the  same  blood  only  contain 
31*95  vol.  COg,  it  is  obvious  that  the  corpuscles  must 
also  absorb  and  combine  with  some  carbon  dioxide, 
for  if  the  carbon  dioxide  were  combined  exclusively 
with  the  salts  of  the  serum,  we  should  have  to  admit 
that  in  the  above  example  the  blood  was  composed  of 
95  per  cent,  serum,  and  only  5  per  cent,  of  corpuscles, 
which  is  known  to  be  incorrect. 

The  coagulation  of  the  hloo€l.-~One  of  the 
most  striking  properties  that  the  blood  possesses  is 
that  of  clotting,  or  forming  a  coagulum,  when  it  is 
shed.  This  process  occurs  sometimes  during  life, 
whilst  the  blood  is  still  contained  within  the  vessels, 
and  in  nearly  every  instance  after  death,  the  only  ex- 
ceptions being  in  animals  dying  from  asphyxia,  in 
those  killed  by  lightning,  and,  according  to  Hunter,  in 
animals  hunted  to  death.  When  blood  is  shed  into  a 
bowl,  no  apparent  change  is  noticed  for  about  two 
minutes ;  but  at  the  end  of  that  time  fine  threads  are 
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seen  to  shoot  across  the  surface,  and  in  from  five  to 
ten  minutes  the  blood,  previously  fluid,  is  converted 
into  a  trembling  homogeneous  jelly,  which,  if  the 
vessel  be  rough,  adheres  with  some  degree  of  firmness 
to  its  sides.  A  few  minutes  after  the  clot  has  formed, 
it  begins  to  shrink,  and  drops  of  a  pale  straw-coloured 
fluid  are  seen  to  exude  from  it.  This  process  con- 
tinues till  at  the  end  of  thirty-six  or  forty-eight  hours 
the  shrinkage  is  complete,  and  the  clot,  now  much 
contracted  and  hardened,  is  surrounded  by  the  fluid 
named  serum. 

The  seriim  of  bloodl. — The  serum  is  the  fluid 
that  is  gradually  expressed  from  the  clot  by  the  con- 
traction of  the  fibrin,  and  which  accumulates  upon 
the  clot.  It  may  be  regarded  as  the  plasma  minus 
fibrin,  or  one  of  the  elements  of  fibrin.  It  is  clear, 
transparent,  and  yellowish  in  a  fasting  animal,  but 
opalescent  after  a  full  meal,  owing  to  the  quantity 
of  chyle,  containing  minute  fat-drops,  that  has  been 
poured  into  it.  It  has  an  alkaline  reaction,  chiefly 
owing  to  the  presence  of  salts  of  sodium.  Its  specific 
gravity  is  about  1027.  The  proportion  of  serum  to  blood 
varies  from  44-52:100.  It  contains  about  10  per  cent, 
of  solids,  of  which  the  most  abundant  are  the  pro- 
teids,  and  especially  serum  albumin  (4  per  cent.)  and 
paraglobulin  (3  per  cent.),  but  it  also  contains  many 
other  organic  compounds.  The  most  important  of 
these  are  sugar,  urea,  uric  acid,  and  kreatin.  The 
presence  of  sugar  in  normal  blood  may  be  demon- 
strated by  the  reduction  of  copper  oxide  in  the  usual 
way,  and  it  seems  probable  that  the  sugar  is  either 
grape  sugar  or  maltose.  In  nursing  women  the  serum 
has  been  shown  to  contain  lactose.  Part  of  the  sugar 
is  derived  from  absorption  by  the  veins  of  the 
alimentary  canal,  for  Mehring  found  that  on  dieting 
animals  with  dextrin  or  starch  a  substance  could  be 
obtained  from  portal,  though  not  from  hepatic  venous 
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blood,  the  reducing  power  of  which  was  increased  on 
boiling  with  dilute  acids,  and  which  was  therefore 
either  dextrin  or  maltose.  The  quantity  of  sugar  in 
the  serum  is  greatly  augmented  in  diabetes.  Urea  is 
present  in  minute  proportion,  as  are  also  uric  acid 
and  kreatin  ;  cholesterin  and  lecithin,  in  small  but 
variable  quantity,  are  always  to  be  discovered  in 
blood  serum. 

Circumstances  influencing'  the  coagula- 
tion oi  tiie  blood. — Certain  conditions  promote 
clotting,  others  retard  or  prevent  it.  It  is  hastened 
by  maintaining  the  natural  temperature  of  the  blood, 
or  by  exposing  it  to  a  slightly  higher  temperature.  It 
is  favoured  by  contact  with  rough  surfaces,  as  in  the 
common  experiment  of  procuring  fibrin  by  whipping 
blood  with  twigs,  and,  probably  owing  to  the  same 
cause,  a  coagulum  readily  forms  on  a  needle  made  to 
traverso  an  artery  or  vein,  or  even  on  a  damaged,  and 
therefore  roughened,  part  of  the  vascular  wall.  Ex- 
posure to  air,  and  the  addition  of  a  small  quantity  of 
a  neutral  salt,  such  as  magnesium  sulphate,  hastens 
coagulation.  Finally,  it  has  been  shown  that  in  some 
animals  intravenous  injection  of  the  expressed  fluid 
from  the  lymphatic  glands  or  testis  quickly  produces 
death  by  extensive  intravascular  clotting. 

Coagulation  is  retarded  by  cold  ;  and  if  the  tem- 
perature be  quickly  reduced  a  few  degrees  below  O^C, 
the  blood  may  be  frozen  before  coagulation  occurs.  It 
may  then  be  kept  for  many  weeks  ;  and  if  thawed, 
still  retains,  though  in  a  less  degree,  its  coagulability. 
The  addition  of  more  than  two  per  cent,  of  a  neutral 
salt,  or  an  equivalent  amount  of  a  saline  solution, 
retards  or  prevents  coagulation ;  and  the  same  effect 
is  produced  by  concentrated  acids  and  alkalies,  or  by 
high  temperatures,  which  coagulate  the  proteids.  The 
circumstance,  however,  which  is  most  effective  in  pre- 
venting clotting  is  contact  with  living  tissue.    It  has 
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been  shown  by  Lister  that  if  two  broad  ligatures  be 
cast  around  a  vein,  so  that  its  calibre  is  occluded, 
without  lesion  of  the  internal  coat,  the  portion  of 
vein  including  the  ligatures  may  be  excised  from 
the  body,  and  by  the  careful  removal  of  one  of  the 
ligatures  the  blood  may  be  exposed  to  the  air,  or,  with 
due  precaution,  even  poured  from  one  vein  into 
another,  without  coagulation  occurring,  though  it 
quickly  sets  if  the  internal  coat  of  the  vessel  be 
injured,  or  a  foreign  body  introduced.  Coagulation  is 
retarded  by  coating  the  vessels  into  which  the  blood 
is  received  w^hen  shed,  with  oil  or  vaseline,  or  by 
adding  to  it  syrup,  glycerin,  or  other  viscid  fluids. 
The  intravenous  injection  of  peptones  delays  coagula- 
tion if  the  animal  be  bled  soon  after  the  operation. 

When  blood  coagulates  slowly,  as  occurs  naturally 
in  the  horse,  or  as  the  result  of  exposure  to  cold,  or  in 
certain  states  of  the  system  in  man,  the  red  corpuscles 
have  time  to  sink  before  a  clot  is  formed,  and  the 
greyish  semi-transparent  clot  produced  by  the  super- 
natant plasma,  containing  many  white  corpuscles,  has 
received  the  name  of  huffy  coat.  The  buffy  coat  con- 
tracts more  firmly  than  the  subjacent  layer,  and  thus 
gives  rise  to  a  cupped  clot. 

Microscopical  characters  of  tiie  clot. — As 
soon  as  blood  is  withdrawn  from  the  vessels  the  red 
corpuscles  present  a  strong  tendency  to  cohere  by  their 
flat  surfaces,  which  has  been  shown  by  Norris  to  be  a 
physical  phenomenon  exhibited  by  disks  of  cork  sus- 
pended in  a  fluid  of  nearly  the  same  specific  gravity. 
Owing  to  this  coherence  they  form  meshes,  which 
enclose  irregular  spaces.  If  a  clot  be  hardened  in 
alcohol,  sections  made,  and  the  corpuscles  gently 
pencilled  away,  a  network  of  fine  filaments  appears, 
which  radiate  from  minute  points,  the  nature  of  which 
has  not  been  satisfactorily  determined,  some  believing 
they  are  the  remains  of  white  corpuscles,  others  that 


Chap.  III.] 


Origin  of  Fibrin. 


37 


they  represent  hsematoblasts,  others  that  they  are 
particles  of  fibrin.  They  resemble  fibrin  in  staining 
with  iodine  and  fiichsin,  and  in  not  staining  with 
carmine  or  picrocarmin.  The  fibrin  may  be  obtained 
as  a  white  stringy  mass  in  considerable  quantities  by 
whipping  freshly-drawn  blood  with  a  bundle  of  twigs. 

Orig-in  of  fibrin.— The  composition  of  the  blood 
is  so  complex,  and  the  presence  of  the  red  corpuscles, 
which  are  not  essential,  obscures  the  phenomena  of  co- 
agulation to  so  great  an  extent,  that  a  better  concep- 
tion of  the  process  will  be  obtained  if  some  fluids  of 
simpler  constitution,  which  can  yet,  by  particular  treat- 
ment, be  made  to  clot,  and  which  are  directly  derived 
from  the  blood,  be  first  examined.  Such  fluids  are 
found  in  the  fluid  of  hydrocele  and  in  serum. 

Neither  of  these  fluids  is  spontaneously  coagulable, 
but  when  they  are  mixed  a  soft  clot  gradually  forms. 
Some  combination  or  some  interaction  of  diflerent  sub- 
stances in  the  two  fluids  must  therefore  occur  when 
the  mixture  is  made  by  which  the  clotting  is  eflected. 

Hydrocele  fluid  is  a  clear  straw-yellow  liquid,  ob- 
tained from  the  serous  sac  of  the  testis. 

When  saturated  with  a  neutral  salt,  such  as  sodium 
chloride,  a  sticky  white  substance  is  precipitated, 
which  is  soluble  in  dilute  saline  solutions.  This  sub- 
stance can  also  be  obtained  by  passing  a  brisk  stream 
of  COg  through  hydrocele  fluid.  It  has  been  named 
fibrinogen. 

If  serum  be  treated  in  the  same  way,  a  precipitate 
of  a  very  similar  substance  falls,  to  which  the  name 
of  paraglobulin  has  been  given. 

Now  if  solutions  of  fibrinogen  and  of  para- 
globulin  obtained  by  the  salt  saturation  method  be 
mixed,  a  clot  forms,  just  as  when  the  original  serum 
and  hydrocele  fluids  were  mixed. 

If    solutions    of    fibrinogen    and  paraglobulin 
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obtained  by  the  CO3  method,  however,  be  mixed,  the 
mixture,  speaking  generally,  does  not  clot ;  from  which 
we  may  infer  that  there  exists,  in  either  serum  or 
hydrocele  fluid,  a  substance  the  presence  of  which  is 
essential  to  coagulation,  and  which  escapes  precipita- 
tion by  the  COg  method,  but  which  is  thrown  down  by 
the  salt  saturation  method.  It  will  be  remembered 
that  plasma  is  spontaneously  coagulable,  from  which 
we  might  expect  that  it  contains  not  only  fibrinogen 
and  paraglobulin,  but  also  the  unknown  body  just 
alluded  to. 

If  plasma,  cooled  to  delay  its  coagulation,  be 
saturated  with  a  solid  neutral  salt,  these  three  bodies 
are  precipitated  together  in  the  form  of  a  white  sticky 
substance,  named,  by  its  discoverer  Denis,  plasmine. 
If  care  be  taken,  these  three  bodies  can  be  obtained 
separately.  If  to  cooled  plasma  13  per  cent,  (by 
weight)  of  a  solid  neutral  salt  (NaOl)  be  added, 
fibrinogen  will  be  precipitated ;  and  if  the  fibrinogen 
be  filtered  off,  the  filtrate,  saturated  with  the  neutral 
salt,  yields  paraglobulin. 

To  obtain  the  third  substance,  serum  or  defibrinated 
blood  may  be  taken  and  kept  with  its  own  bulk  of 
absolute  alcohol  for  several  weeks  in  a  stoppered 
bottle.  All  the  proteids  present  are  precipitated,  and 
if  they  be  collected  and  dried,  and  an  aqueous  solution 
made  of  them,  it  is  found  that  this  solution  possesses 
the  following  remarkable  property  : — 

If  a  few  drops  be  added  to  hydrocele  fluid,  which 
is  not  spontaneously  coagulable,  or  to  the  mixtures  of 
solutions  of  fibrinogen  and  paraglobulin  (obtained  by 
the  COg  method,  and  therefore  not  spontaneously  co- 
agulable), clotting  will  be  induced.  This  action  so 
resembles  that  of  a  ferment  as  to  give  to  the  body 
presumed  to  be  in  the  aqueous  extract  the  name  of 
fibrin  ferment. 

It  is  to  be  remembered  that  when  serum  is  treated 
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with  a  solid  neutral  salt,  the  fibrin  ferment  is  probably 
precipitated  with  the  paraglobulin. 

Why  does  the  blood  clot  I— There  is  no  doubt' 
that  the  appearance  of  clot  is  due  to  the  development 
in  the  blood  of  a  substance  called  fibrin.  This  may, 
be  obtained  by  whipping  the  blood,  on  its  being  shed, 
with  twigs,  when  masses  of  a  stringy  buff-coloured 
substance  known  as  fibrin  adhere  to  the  twigs,  and  the 
altered  {defibrinated)  blood  can  no  longer  clot.  Normal 
blood  contains  less  than  0*1  per  cent,  of  fibrin.  As 
already  stated,  under  the  microscope  delicate  fibrils  of 
fibrin  have  been  seen  to  start  from  corpuscles  which 
are  either  white  corpuscles  or  the  debris  of  white 
corpuscles,  or  from  haematoblasts,  or  the  minute 
blood-plates  "  of  Bizzozero.  There  appears  to  be  good 
reason  for  believing  that  the  colourless  corpuscles  are 
important  in  the  formation  of  fibrin,  this  view  being 
supported  by  the  fact  that  if  the  blood  be  caused  to 
coagulate  slowly,  the  firmest  part  of  the  clot  contains 
most  colourless  corpuscles,  while,  in  addition^  they 
have  been  seen  to  collect  on  foreign  bodies  in  bloodr 
vessels,  being  antecedent  to  the  formation  of  a  clot  on 
those  bodies.  It  is  interesting  to  note  that  plasma 
filtered  free  from  the  corpuscular  elements  yields 
nearly  30  per  cent,  less  fibrin  than  unfiltered  plasma, 
and  that  the  number  of  white  corpuscles  in  the  blood 
is  greater  before  than  after  coagulation. 

So  far  we  have  dealt  with  direct  experiment  only. 
It  only  remains  to  notice  the  theories  that  have  been 
founded  on  these  facts. 

Schmidt  (1861)  considered  that  clotting  was  pro*, 
duced  by  the  interaction  of  fibrinogen  and  paraglobulin, 
such  interaction  being  brought  about  by  the  fibrin 
ferment.  He  regarded  all  these  three  factors  as 
essential  to  the  process,  and  referred  failure  of  coagu- 
lation to  the  absence  of  any  one  or  two  of  the  factors. 

Hammarsten,  on  the  other  hand,  a  little  later, 
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taught  that  paraglobulin  was  not  essential  to  the 
process.  This  certainly  ISeems  true  when  we  re- 
member that  a  solution  oi  the  fibrin  ferment  is  capable 
of  inducing  coagulation  in  hydrocele  fluid,  which, 
although  it  contains  fibrinogen,  yields  no  para- 
globulin. 

Hammarsten,  nevertheless,  was  inclined  to  con- 
sider paraglobulin  as  an  important  factor,  holding  that 
it  possessed  the  property  of  affecting  substances  the 
presence  of  which  would  otherwise  be  prejudicial  to 
the  formation  of  a  clot. 

The  late  Dr.  Wooldridge  opposed  what  may  be 
called  the  chemical  theories,  to  which  reference  has 
just  been  made,  considering  the  act  of  coagulation  to 
be  a  vital  process  of  the  blood-plasma. 

He  showed  that  filtered  peptone  plasma  was  co- 
agulable,  thus  proving  that  the  presence  of  corpuscles 
was  not  essential  to  the  act,  and,  in  addition,  demon- 
strated three  separate  coagulable  bodies  in  plasma. 
He  also  considered  that  lecithin  [see  Appendix)  was 
intimately  concerned  in  bringing  about  coagulation. 

It  is  but  fair  to  add  that  Halliburton  has,  to  some 
extent,  proved  that  lecithin  is  not  so  important  as 
"Wooldridge  supposed.  The  whole  question  must  be 
considered  as  still  sub  judice. 

Origin  and  destination  of  blood  cor- 
puscles.— There  is  good  reason  for  believing  that 
the  corpuscles  of  the  blood  are  constantly  undergoing 
renewal,  and  that  their  individual  life  is  brief.  Haemor- 
rhages, even  when  very  free,  are  soon  repaired,  without 
injury  to  the  constitution,  and  Rindfleisch  has  cal- 
culated that  the  reparation  which  takes  place  in 
women  during  the  intermenstrual  period  amounts  to 
175  millions  of  corpuscles  per  minute.  From  what  part 
of  the  body  do  these  new  corpuscles  proceed  1  Do 
they  spring  completely  formed  from  the  organ  or 


Chap.  III.]     Fate  of  Blood  Corpuscles,  41 


organs  in  which  they  are  produced,  or  do  they  undergo 
a  process  of  development  in  the  blood  itself  % 

As  regards  the  development  of  the  first  coloured 
blood  corpuscles  of  the  foetus,  it  would  appear  that  they 
are  formed,  before  the  liver  appears,  by  intracellular 
development  in  the  mesoblastic  tissue  of  the  body, 
from  which  the  blood  and  blood-vessels  are  alike  de- 
veloped, and  which  is  named  in  the  chick  the  area 
vasculosa.  After  the  liver  is  formed  this  method  is 
no  longer  employed,  that  organ  furnishing  the  coloured 
blood  corpuscles,  also  by  an  "intracellular"  formation, 
whilst  some  embryonic  blood  corpuscles  multiply  by 
fission.  In  the  adult  the  red  blood  corpuscles  are 
recruited  from  the  red  marrow  of  bones,  and  possibly 
also  from  the  spleen. 

A  s  regards  the  development  of  colourless  blood  cor- 
puscles, there  is  good  reason  to  believe  that  these  are 
formed  in  lymphatic  glands,  and  from  adenoid  tissue 
generally  ;  also  in  the  spleen,  thymus,  and  thyroid  ; 
in  addition  to  which  the  germinating  epithelium 
found  round  the  stomata  present  in  endothelial 
structures  such  as  the  peritoneum  doubtless  con- 
tributes its  share. 

Fate  of  blood  corpuscles. — The  red  ones  are 
probably  broken  up  in  the  spleen,  and  the  partially 
disorganised  products  taken  to  the  liver,  to  be  further 
dealt  with. 

The  evidence  on  which  this  view  rests  is  adduced 
by  Quincke,  who  saw  red  corpuscles  entangled  in 
large  protoplasmic  elements  in  the  spleen,  and  also  by 
the  fact  that  the  spleen  contains  a  good  deal  of  free 
iron,  resulting  from  the  decomposition  of  the  haemo- 
globin of  the  worn-out  corpuscles,  and  also  extractives 
derived  from  the  decomposition  of  proteid  material. 

The  altered  blood  pigment  is  intimately  connected 
with  the  bile  pigments,  being  carried  to  the  liver  by 
the  portal  vein. 
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Experiments,  in  which  the  easily  recognisable 
blood  of  one  group  of  animals  has  been  injected  into 
the  veins  of  another,  have  shown  that  the  corpuscles 
soon  disappear,  those  of  the  dog  when  injected  into 
a  pigeon  becoming  greatly  reduced  in  number  in  the 
course  of  a  fortnight  or  three  weeks,  whilst  those  of 
the  pigeon  injected  into  the  guinea-pig  become  un- 
recognisable in  the  course  of  a  few  hours.  And  it 
is  probable  that  whilst  some  simply  break  down  in 
the  blood  itself  and  dissolve  in  the  serum,  others  pass 
to  the  spleen,  and  are  there  attacked  by  giant-cells  by 
which  they  are  destroyed. 
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CHAPTER  IV. 

MOVEMENT  OF  THE  BLOOD. 

The  movement  of  the  blood  is  requisite  that  new 
material  and  oxygen  may  be  brought  to  all  parts  of 
the  system,  and  that  waste  material  may  be  carried 
away.  It  is  effected  by  the  heart,  which  is  a  muscular 
organ  divided  into  four  cavities,  between  which  ralves 
are  so  arranged  that  the  blood  can  pass  in  one  direc- 
tion only.  There  are  two  auricles  and  two  ventricles. 
The  right  auricle  and  ventricle  receive  venous  blood 
and  transmit  it  to  the  lungs,  where  it  parts  with 
carbonic  acid  gas  and  water  and  takes  up  O,  and 
then  returns  to  the  left  auricle  and  ventricle.  This 
is  termed  the  lesser  or  pulmonic  circulation.  The  left 
auricle  and  ventricle  receive  the  arterialised  or 
oxygenated  blood,  and  transmit  it  to  the  system  at 
large,  from  whence  it  is  returned  to  the  right  auricle 
and  ventricle.  This  is  termed  the  greater  or  systemic 
circulation.  The  heart,  therefore,  although  to  out- 
ward appearance  a  single  organ,  is  in  reality  double, 
the  two  halves  being  united  for  economy  of  space,  and 
beating  simultaneously. 

Action  of  tlie  heart. — The  heart  beats  about 
70  times  in  a  minute,  and  the  phenomena  that  may 
be  observed  are  the  following  :  In  the  first  place,  con- 
traction and  relaxation  succeed  each  other  in  regular 
order.  The  period  of  contraction  is  termed  the  systole* 
of  the  heart,  the  period  of  relaxation  diastole.^  The 
two  auricles  contract  simultaneously,  then  the  two 
ventricles  contract  simultaneously,  and  then  there 

*  <Tv<TTo\-q,  from  (Tv<TT€\\<a,  to  diaw  together. 

fSLaa-TuXrj,  from  StaareAAco,  to  dilate. 
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is  a  pause.  The  systole  and  diastole  together  con- 
stitute one  entire  revolution  of  the  heart's  action.  If 
the  heart  be  carefully  examined  in  situ^  in  the  chest 
of  an  animal  from  which  the  chest  walls  have  been  in 
part  removed,  it  will  be  seen  that  the  systole  com- 
mences with  a  contraction  of  the  great  veins  at  the 
base  of  the  heart,  which  rapidly  extends  over  the 
auricle  and  ventricle.  These  become  hard  and 
prominent,  the  apex  of  the  heart  is  tilted  forward, 
and  the  whole  heart  moves  downwards,  becomes  more 
uniformly  conical,  and  turns  a  little  to  the  right,  so 
that  more  of  the  left  ventricle  is  visible  than  before. 
The  upper  part,  or  base  of  the  heart,  descends  to  a 
small  extent,  but  the  apex  remains  nearly  at  the  same 
level,  because  its  descent,  occasioned  by  the  recoil  of 
the  great  arteries,  is  to  a  great  extent  compensated 
by  the  shortening  of  the  whole  heart.  At  the  same 
time  the  ventricular  cone,  which  in  diastole  has  an 
oblique  position,  now  assumes  a  nearly  vertical  one. 
The  cessation  of  the  contraction  is  sudden,  and  the 
heart  becomes  flaccid.  In  the  case  of  the  auricles, 
the  appendices  are  the  first  parts  to  contract.  The 
impulse  of  the  heart  against  the  chest  walls  is  co- 
incident with  the  contraction  of  the  ventricles. 

The  accompanying  diagram  (Fig.  9)  shows  the 
cardiographic  tracings  obtained  by  means  of  small 
elastic  bags  introduced  into  the  cavities  of  the  heart, 
and  of  a  tambour  applied  to  the  chest  wall,  each  of 
which  records  the  impulses  they  receive  on  a  revolv- 
ing cylinder.  The  upper  line  gives  the  variations  of 
pressure  in  the  right  auricle,  the  middle  line  those  of 
the  right  ventricle,  and  the  lower  one  the  impulse 
of  the  heart  against  the  chest.  The  rise  of  the  line 
shows  an  increase  of  pressure,  and  is  indicative  of 
contraction;  its  fall  shows  the  period  of  relaxation 
and  diminution  of  pressure. 

From  a  study  of  these  tracings  it  may  be  seen 
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that  the  auricle  contracts  before  the  ventricle,  and 
that  its  contraction  is  not  synchronous  with  the  im- 


pulse of  the  heart,  but  precedes  it.  The  contraction 
of  the  ventricle,  on  the  other  hand,  coincides  precisely 
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in  point  of  time  with  the  impulse  of  the  heart.  It 
is  seen  also  that  the  systole  of  the  auricle  is  sharp 
and  short,  the  line  rising  suddenly,  and  as  suddenly 
falling ;  the  line  remains  low,  with  some  slight  undu- 
lations, for  some  time,  then  slowly  rises  as  the  veins 
continue  to  deliver  their  blood  into  the  auricle.  It  is 
seen,  further,  that  the  auricular  contraction  makes 
itself  perceptible  by  a  slight  rise  in  the  ventricular 
tracing ;  that  the  ventricular  systole  immediately  fol- 
lows, and  is  long  sustained.  By  proper  arrangements 
it  may  be  demonstrated  that  the  contraction  of  the 
two  ventricles  is  precisely  synchronous. 

Course  of  the  blood  ttiroug^h  the  heart, 
and  action  of  the  valves.— The  blood,  during 
the  period  of  diastole  of  the  heart,  swiftly  fills  the 
right  and  left  auricles,  and  a  certain  quantity,  passing 
through  the  tricuspid  and  mitral  valves,  enters  the 
right  and  left  ventricles.  The  auricles  then  contract, 
and,  owing  to  the  peristaltic  character  of  the  contrac- 
tion, which  proceeds  from  the  great  veins  towards  the 
auricles,  and  then  extends  over  the  auricles  themselves, 
drive  the  blood  they  contain  into  the  ventricles,  which 
become  fully  distended,  and  the  edges  of  the  tricuspid 
and  mitral  valves  are  brought  into  apposition.  The 
ventricles  now  contract  energetically,  and  their  first 
effect  is  to  render  tense  the  auriculo- ventricular 
valves,  which  prevent  any  regurgitation  of  blood  into 
the  auricles ;  but  the  pressure  still  increasing,  the  blood 
forces  open  the  previously  closed  semilunar  valves, 
and  is  driven  into  the  pulmonary  artery  and  aorta. 
As  the  resistance  to  the  opening  of  these  fiood-gates 
is  great,  the  contraction  is  long  and  vigorous.  The 
diastole  follows,  the  heart  returns  to  its  former  oblique 
position,  and  the  recoil  of  the  over-distended  arteries 
effects  the  closure  of  the  semilunar  valves,  and  the 
whole  cycle  recommences.  The  reversion  of  the  auri- 
culo-ventricular  valves  into  the  auricles  is  effectually 
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guarded  against  by  the  contraction  of  the  musculi 
papillares,  which  contract  simultaneously  with  the  walls 
of  the  ventricles,  and  thus  tighten  the  chordae  tendinese 
attached  to  the  back  and  edges  of  these  valves. 
Where,  as  in  violent  exercise,  the  right  ventricle 
becomes  over-distended  with  blood,  discharging  its 
contents  with  difficulty  through  the  lungs,  some 
regurgitation  into  the  auricle  may  occur,  which  is 
named  the  safety-valve  action  of  the  right  auriculo- 
ventricular  valve. 

The  semilunar  valves  seem  at  first  sight  to  be 
almost  too  delicately  formed  to  resist  the  whole  back- 
ward pressure  of  the  blood  caused  by  the  elastic  recoil 
of  the  aortic  or  pulmonary  vessels,  but  careful  exami- 
nation shows  that  the  bottom  of  each  pocket  is  formed 
by  the  muscular  wall  of  the  heart  itself,  and  that  the 
valves  do  not  close  the  area  of  the  artery  by  the  mere 
contact  of  their  edges,  but  that  the  whole  surfaces  of 
the  lunulse  are  brought  into  apposition  with  each 
other,  and  that  consequently  the  stronger  the  back- 
ward pressure  the  more  firmly  are  the  valves  pressed 
together,  and  the  more  perfect  is  the  occlusion  of  the 
arterial  opening. 

Sounds  of  tlie  heart.— When  the  ear  is  applied 
to  the  chest  over  the  region  of  the  heart,  two  sounds 
are  heard  :  one  dull  and  prolonged,  which  is  the  first 
sound  ;  the  other  short  and  abrupt,  which  is  the 
second  sound.  The  causes  of  the  first  sound  are 
first  and  chiefly,  and  some  think  exclusively,  the 
sudden  tension  of  the  auriculo- ventricular  valves 
occasioned  by  the  contraction  of  the  ventricles,  with 
the  occurrence  of  which  it  coincides ;  secondly,  the 
sound  produced  by  the  muscular  contraction  of  the 
walls  of  the  ventricles ;  and  thirdly,  the  vascular  eddy 
produced  by  the  passage  of  the  blood  through  the 
arterial  orifices  into  the  wider  channels  of  the  aorta 
and  pulmonary  artery.    The  composite  nature  of  the 
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causes  producing  the  first  sound  is  admitted,  and  con- 
sidered to  be  an  impure  musical  note  corresponding  to 
the  lower  G  in  the  bass  clef,  whilst  the  second  sound 
is  the  second  B  flat  a  minor  third  above  (Haycraft)  ; 
although  objections  are  raised  to  the  acceptance  of  the 
muscular  sound  as  a  cause  of  the  first  sound,  because 
the  contraction  of  the  heart  muscle  is  a  single  shock, 
and  hence  cannot  produce  a  series  of  vibrations 
recognisable  as  a  note,  yet  the  large  volume  of  the 
muscle,  the  numerous  fibres  of  which  it  is  composed, 
between  which  some  friction  probably  occurs,  and 
the  very  prolonged  character  of  the  contraction,  must 
be  admitted  to  modify  the  conditions.  The  second 
sound  is  due  to  the  vibration  caused  by  the 
sudden  tension  of  the  semilunar  valves  at  the 
orifices  of  the  aorta  and  pulmonary  artery,  the  for- 
mer of  which  closes  from  gV^h  to  yV^h  of  a  second 
earlier  than  the  latter.  If  these  valves  are  hooked 
back  by  a  bent  needle  introduced  through  the 
wall  of  the  vessels,  the  second  sound  ceases  to  be 
audible.  That  the  sudden  arrest  of  a  moving  column 
of  fluid  is  capable  of  producing  very  audible  vibrations 
is  shown  by  turning  a  stop-cock  in  a  tube  through 
which  water  is  passing,  and  thus  abruptly  stopping 
its  progress.  A  loud  sound  and  thrill  may  then  be 
heard  and  felt  over  a  large  area.  The  first  sound  is 
most  distinctly  heard  at  the  junction  of  the  fifth  rib 
with  the  sternum,  and  a  little  above  and  to  the  inner 
side  of  that  point ;  the  ventricular  wall  is  here  near 
the  chest  wall,  and  the  moving  column  of  blood  in  the 
ventricle  conducts  the  sound  towards  it.  The  aortic 
factor  of  the  second  sound  is  best  diflerentiated  at 
the  attachment  of  the  second  rib  to  the  sternum  on  the 
right  side.  The  pulmonary  factor  is  heard  most  dis- 
tinctly over  the  second  intercostal  space  of  the  left 
side,  just  external  to  the  border  of  the  sternum. 

The  impulse   of  the  heart. — This   is  the 
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sensation  which  can  be  perceived  with  the  eye,  and  felt 
by  the  hand  when  it  is  placed  agaifist  the  wall  of  the 
chest  on  the  left  side,  and  which  is  particularly  evi- 
dent when  the  fingers  are  pressed  into  the  fifth  inter- 
costal space,  in  a  circumscribed  region  about  midway 
between  'the  left  edge  of  the  sternum  and  a  vertical 
line  drawn  through  the  left  nipple.  It  is  caused  by 
the  sudden  pressure,  due  to  the  thickening,  hardening, 
and  tilting  forward  of  the  lower  and  anterior  part,  but 
not  of  the  extreme  apex  of  the  heart  in  contraction 
against  the  wall  of  the  chest.  The  pressure  of  the 
heart  against  the  chest  is  aided  by  the  recoil  of  the 
spirally-disposed  first  portions  of  the  aorta  and  pul- 
monary arteries,  which  have  been  lengthened  and 
straightened  by  their  sudden  distension  with  blood 
(Alderson,  Barr).  The  impulse  is  most  perceptible 
when  the  body  is  in  the  prone  position,  and  in  com- 
plete expiration.  On  the  contrary,  it  is  faint  or  im- 
perceptible wlien  the  body  is  lying  on  the  back  and 
a  full  respiration  is  made,  because  the  heart  is  then 
separated  from  the  cheSt  wall  by  the  inflated  lung. 

Duration  of  the  phases  of  the  h^art^s 
action.— The  contraction  of  the  auricles  lasts  in  a 
heart  beating  once  in  the  second  about  yV^^  ^ 
second ;  the  Contraction  of  the  ventricles  endures  for 
rather  less  than  y^ths  of  a  second.  The  duration  of 
the  pause,  which  term  is  a  clinical  one,  and  includes 
both  the  diastole  of  the  heart  and  the  auricular  systole, 
is  a  little  more  than  y^ths  of  a  second. 

Phenomena  accompanying  each  phase 
of  the  heart's  action  : 

1;  Events  occurring  synchronously  with  the  first 
»ound  of  the  heart — At  this  moment  (1)  the  ventricles 
Contract.  (2)  The  auriculo- ventricular  valves  are 
closed  and  rendered  tense.  (3)  The  semilunar  valves 
are  forced  open,  and  the  blood  in  the  ventricle  is  pro- 
pelled into  the  pulmonary  artery  and  aorta.    (4)  The 
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auricles  are  just  beginning  to  dilate.  (5)  The  im- 
pulse of  the  heart  ts  felt. 

2.  Events  occurring  synchronously  with  the  second 
sound. — (1)  The  semilunar  valves  are  closed  and 
rendered  tense.  (2)  The  auriculo-ventricular  valves 
are  open.  (3)  The  auricles  are  filling,  and  some  blood 
is  entering  the  ventricles. 

3.  Events  occurring  synchronously  with  the  pause. 
— (1)  The  blood  during  the  first  part  of  the  pause  is 
entering  both  auricles  and  ventricles.  (2)  During 
the  latter  part  of  the  pause  the  auricles  contract  and 
fill  the  ventricles  completely.  (3)  The  auriculo- 
ventricular  valves  are  open.  (4)  The  semilunar  valves 
are  closed. 

Frequency  of  cardiac  pulsation  Varia- 
tions in  the  frequency  of  the  beats  of  the  heart  are 
essentially  due  to  shortening  or  prolongation  of  the 
pause,  the  duration  of  the  act  of  contraction  remain- 
ing tolerably  constant.  The  frequency  of  the  heart's 
beats  bears  a  definite  relation  to  the  resistance  offered 
to  the  exit  of  the  blood  from  its  chambers — that  is,  to 
the  blood  pressure  ;  with  slightly  increased  resistance 
the  beat  is  more  rapid,  but  beyond  a  certain  point 
becomes  slower;  with  diminished  resistance  it  is 
accelerated,  and  it  becomes  very  rapid  when  much 
blood  is  lost,  and  the  blood  pressure  is  consequently 
falling  rapidly.  At  birth,  the  number  of  beats  is 
about  140;  at  the  expiration  of  the  first  year  it  is 
120;  at  the  end  of  the  second  year,  110;  during 
middle  life  it  varies  from  70  to  80  :  and  in  old  age 
it  again  becomes  slightly  accelerated.  It  is  slower 
in  man  than  in  woman.  Position  of  the  body  dis- 
tinctly affects  it,  the  beats  being  about  five  per 
minute  more  numerous  in  the  sitting  than  in  the  re- 
cumbent position,  and  ten  per  minute  more  numerous 
in  the  standing  than  in  the  sitting  posture.  This  is 
probably  the  result  of  a  greater  number  of  muscles 
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being  in  action  when  sitting  and  standing  than  when 
the  body  is  in  the  recumbent  position,  for  it  is  found 
that  all  active  muscular  exertion  increases  the 
frequency  of  the  beats  of  the  heart,  probably  by 
driving  more  blood  to  the  heart,  and  thus  directly 
stimulating  it  to  more  active  work.  The  same  expla- 
nation may  be  afforded  of  the  increased  frequency  of 
the  heart's  beats  that  occurs  when  active  digestion  is 
in  progress,  especially  when  alcoholic  beverages  are 
used  in  moderation,  and  the  society  and  conversation 
are  bright  and  cheerful.  Increased  temperature  of 
the  blood  increases  the  rapidity  of  the  heart's  action, 
hence  in  part  the  rapidity  of  the  pulse  in  febrile 
conditions  of  the  system. 

Force  exerted  toy  the  heart.— The  force 
exerted  by  the  heart  is  very  great.  It  may  be  esti- 
mated by  multiplying  the  weight  of  blood  discharged 
at  each  systole  by  the  pressure  under  which  it  is 
moved.  Now  if  the  quantity  of  blood  expelled  from 
the  left  ventricle  at  each  beat  be  taken  at  3  oz.,  which 
is  a  low  estimate,  and  the  pressure  equal  to  a  column 
of  blood  9  feet  high,  as  experiment  has  shown  it 
to  be,  and  if  the  number  of  beats  per  minute  be  75, 
the  daily  work  of  the  left  ventricle  will  be 

  =—  about  81  loot-tons. 

16  X  2240 

Taking  into  consideration  the  thinner  walls  and 
consequent  less  strength  of  the  right  ventricle,  as 
well  as  the  lower  pressure  of  the  blood  in  the  pul- 
monary vessels,  Haughton  estimates  its  daily  work 
at  about  34  foot-tons.  The  total  daily  work  of  the  two 
ventricles,  therefore,  is  about  115  foot- tons.  Donders, 
by  taking  the  quantity  of  blood  driven  out  of  the  left 
ventricle  at  each  contraction  at  6*6  oz.,  obtains  a  much 
higher  number,  estimating  the  daily  work  of  both 
ventricles  at  281  foot-tons.    The  work  done  by  the 
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heart  is  entirely  converted  into  heat  in  consequence 
of  the  friction  the  blood  undergoes  in  its  passage 
through  the  vessels.  The  force  with  which  the  blood 
is  propelled  from  the  left  ventricle  has  been  estimated 
to  be  equal  in  man  to  4  lbs.  4  oz.  (2  kilog.)  on  the 
square  inch.  The  walls  of  the  left  heart  are  much 
thicker  than  those  of  the  right,  because  it  has  to  drive 
the  blood  through  the  whole  of  the  systemic  capil- 
laries, as  well  as  through  the  secondary  circulation  of 
the  liver,  whilst  the  right  heart  has  only  to  propel  the 
blood  through  the  lungs.  As  might  be  expected,  the 
left  ventricle  becomes  thicker  and  stronger  during 
pregnancy,  when  it  has,  in  addition,  to  supply  with 
blood  the  enlarged  uterus  and  the  placenta ;  on  the 
other  hand,  in  the  foetus,  where  the  blood  pursues  a 
different  course,  the  difference  is  less  marked. 

]>oes  the  heart  dilate  actively  I— The  ven- 
tricles empty  themselves  completely  at  every  stroke, 
and  it  may  often  be  seen  on  section  after  death,  when 
the  heart  is  fixed  in  systole  by  post-mortem  rigidity, 
that  the  cavity  of  the  ventricle,  and  of  the  left  ven- 
tricle in  particular,  notwithstanding  the  irregularity 
of  its  shape,  is  completely  obliterated.  There  is  good 
reason  for  believing  that  the  ventricles  exert  a  con- 
siderable power  of  active  dilatation,  since  it  has  been 
found  that  even  after  death  the  left  ventricle  of  the 
calf,  in  expanding  after  compression  with  the  hand, 
is  capable  of  raising  a  column  of  water  one  foot  in 
height.  During  life,  strong  evidence  has  been  ob- 
tained that  the  aspirating  power  is  far  greater  than 
this.  Goltz  introduced  into  the  right  or  left  ventricle 
of  the  dog,  through  the  carotid  artery  or  jugular  vein, 
as  the  case  might  be,  a  thin-walled  silver  catheter, 
connected  with  a  mercurial  manometer  by  a  tube,  in 
the  course  of  which  was  a  valve  opening  either  to- 
wards the  heart  or  the  manometer,  according  to 
whether  the  minimum  or  the  maximum  pressure  was 
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to  be  measured.  With  this  apparatus  he  ascertained 
that,  with  the  unopened  thorax,  the  negative  pressure 
in  the  left  ventricle  of  the  dog  may  be  as  great  as 
—  52  mm,  of  mercury;  whilst  for  the  right  ventricle 
the  negative  pressure  was,  in  one  animal,  — 16  mm.  of 
mercury.  After  the  thorax  had  been  opened  and  the 
aspirating  power  due  to  the  elasticity  of  the  pulmonary 
tissue  thus  eliminated,  he  found  that  the  negative 
pressure  within  the  left  ventricle  rose  in  one  instance 
to  —  23*5  mm.  of  mercury.  It  is  probable  that  this 
suction  is  exerted  only  for  a  short  time  during  the 
commencement  of  the  diastolic  period. 

Cause  of  the  rhytlimic  action  of  the  heart. 
— Is  the  rhythmic  movement  of  the  heart  automatic 
or  reflex'?  In  other  words,  is  it  a  property  of  its 
muscular  tissue,  or  are  the  moyements  dependent  upon 
a  series  of  nervous  impulses  emanating  in  response  to 
stimuli  from  nerve  centres  having  opposite  functions  ] 
The  evidence  seems  to  point  to  the  presence  and 
action  of  both  these  factors.  In  the  first  place,  the 
heart  of  many  of  the  lower  vertebrates,  when  removed 
from  the  body,  will,  after  a  period  of  quiescence,  pro- 
longed sometimes  for  many  minutes  if  kept  under 
favourable  conditions,  commence  to  contract  sponta- 
neously, or  at  least  without  visible  or  recognisable 
stimulus,  and  continue  to  contract  in  a  rhythmical 
manner  for  hours  together.  And,  again,  parts  of  the 
ventricle  or  auricle,  such  as  long  strips  or  irregularly- 
detached  portions,  will  contract  in  a  similar  manner. 
No  doubt  nerve  ganglia  are  extensively  distributed 
through  the  heart,  and  the  nerves  emanating  from 
these  ganglia  form  plexuses  pervading  the  muscular 
tissue,  so  that  a  possible  explanation  might  be  given 
by  reference  to  the  ordinary  mechanism  of  reflex 
action,  in  which  a  stimulus  applied  to  an  afierent 
nerve  causes  a  nerve  centre  to  liberate  impulses  that, 
travelling  down  an  efferent  nerve  or  nerves,  excite  a 
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muscle  to  contract ;  but  there  are  parts  of  the  heart, 
as  the  apex  of  the  ventricle,  v/hich  are  known  in  the 
case  of  the  frog  to  be  entirely  destitute  of  ganglia, 
though  nerves  have  been  traced  into  all  parts,  and 
which  exhibit,  when  removed  or  physiologically  dis- 
connected from  the  rest  of  the  heart  by  a  ligature,  a 
manifest  disposition  to  commence  rhythmical  contrac- 
tion. Thus  Bowditch  has  shown  that  if  the  ventricle 
of  a  frog  be  sharply  compressed  transversely  with  a 
narrow-bladed  pair  of  forceps,  the  apex  thus  physio- 
logically disconnected  from  the  base  remains  quiescent, 
whilst  the  base  continues  to  beat  with  its  former 
rhythm.  On  clamping  the  aorta,  however,  the  apex 
may  once  more  be  made  to  beat  rhythmically,  though 
slowly,  the  stimulus  being  the  increased  pressure 
experienced  by  it  during  the  systole  of  the  ventricle. 
In  other  instances,  when  the  apex  has  been  separated 
with  the  knife,  though  perfectly  quiescent  at  first,  yet 
if  kept  in  a  moist  chamber  ifc  will  often  recommence 
to  beat  rhythmically,  or  can  be  taught  to  do  so  by 
applying  an  induction  shock  for  a  little  while  at 
regular  intervals.  Though  all  parts  of  the  heart  agree 
in  the  tendency  to  automatic  contraction  alternating 
with  dilatation,  some  are  more  highly  endowed  with 
this  property  than  others,  the  sinus  venosus  and 
auricle  being  much  more  active  in  this  respect  than 
the  ventricle,  and  these  parts  respond  more  readily  to 
all  kinds  of  stimuli,  whether  mechanical,  thermal,  or 
electric.  It  may  perhaps  be  admitted  that  the  auricles 
and  ventricles  contract  in  orderly  sequence  because  a 
spontaneously-arising  wave  of  muscular  contraction, 
commencing  at  the  entrance  of  the  great  veins  into 
the  heart,  passes  along  the  auricles,  and  induces  a 
ventricular  contraction  when  it  reaches  the  auriculo- 
ventricular  groove.  If,  however,  we  go  so  far  as  to 
acknowledge  that  the  muscular  tissue  of  the  heart 
possesses  an  automatic  tendency  to  rhythmical  action, 
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wliich  it  can  exert  quite  independently  of  the  nerves, 
it  is  not  less  true  that  this  action  is  ordinarily  under 
the  control  of,  and  is  always  powerfully  influenced  by, 
the  nervous  system. 

The  nervous  meclianism  of  the  heart.— 
The  heart  has  nerve  ganglia  in  its  substance,  and  re- 
ceives nerve  fibres,  which  are  in  communication  with 
these  ganglia,  from  the  sympathetic  and  from  the 
vagus  nerves. 

(a)  Intrinsic  innervation  of  the  heart. — If,  as 
already  stated,  the  heart  be  removed  from  the  body, 
and  its  nutrition  be  maintained  by  supplying  it 
with  defibrinated  blood,  it  will  continue  to  contract 
rhythmically  for  some  time.  It  has  been  argued, 
therefore,  on  this  ground  that  it  has  a  nervous  system 
in  its  walls  which  is  capable  of  acting  automatically 
— that  is,  of  responding  to  excitations  generated  in 
the  heart  itself;  and  this  view  is  supported  by  the 
results  of  microscopical  examination,  which  shows  that 
scattered  ganglia  are  to  be  found  in  the  substance  of 
the  base  of  the  heart,  and  in  the  frog  especially  in 
the  auriculo-ventricular  furrow  (Bidder's  ganglia)  and 
near  the  point  of  opening  of  the  vena  cava  into  the 
auricle (Remak's  ganglia,Fig.  10).  Theapex  of  theheart, 
as  already  stated,  contains  no  ganglia;  and  if  this  be 
severed  from  the  heart  its  movements  cease,  whilst  the 
rest  of  the  heart  continues  to  beat  rhythmically. 

Experiment  of  Stannius. — Stannius  performed  an 
experiment  on  the  frog,  which  has  led  to  much  dis- 
cussion. He  applied  a  ligature  to  the  heart  of  that 
animal,  on  the  exact  spot  where  the  siyius  venosus 
opens  into  the  right  auricle,  with  the  result  that  the 
heart — that  is,  the  two  auricles  and  ventricle — suddenly 
ceased  to  beat,  whilst  the  sinus  venosus  and  the  great 
veins  opening  into  it  continued  to  beat.  On  applying 
a  second  ligature  to  the  auriculo-ventricular  furrow 
the  ventricle  re-commenced  to  beat,  though  much  more 
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slowly,  whilst  the  auricles  remained  quiescent.  One 
amongst  several  explanations  of  these  results  is  that 
Remak's  ganglia  and  Bidder's  ganglia  are  motor 
ganglia,  whilst  the  auricles  contain  an  inhibitory 
system  of  nerves.  The  first  ligature  isolates  R-emak'a 
ganglia,  and  the  sinus  venosus  continues  to  beat, 
whilst  the  auricles  and  ventricle  stop.  The  second 
ligature  isolates  Bidder's  ganglia,  and  the  ventricle, 
freed  from  the  previously  preponderating  influence  of 
the  inhibitory  system,  re-commences  to  beat,  whilst 


Fig.  10.— Heart  of  Frog.  AA.  aortae ;  ba,  bulbus  aorticus ;  la,  left  auricle  ;  ba, 
right  auricle  ;  vcD,  vena  cava  dextra;  vci,  vena  cava  inferior  ;  vft,  venae 
hepaticae;  vcs,  vena  cava  sinistra;  vp,  vena  pulmonales;  v,  ventricle;  sv, 
sinus  venosus. 

the  auricles,  being  still  under  the  influence  of  the 
inhibitory  system  contained  in  their  walls,  remain 
at  rest.  The  results  of  these  experiments  are  not 
constant. 

(5)  Extrinsic  innervation  of  the  heart, — The  heart 
receives  nerves  from  two  sources,  from  the  vagus  and 
from  the  sympathetic.  It  is  not  possible,  however, 
to  trace  any  particular  nerve  to  the  heart  in  the 
same  way  that  the  phrenic  may  be  followed  to  the 
diaphragm,  for  the  branches,  both  from  the  sym- 
pathetic and  from  the  vagus,  unite  to  form  a  plexus 
named  the  cardiac  plexus,  and  often  vary  both  in  their 
number  and  size,  appearing  in  some  instances  to 
supplement  each  other,  so  that  the  fibres  probably 
pursue  difierent  routes,  and  make,  now  this,  now  that. 
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nerve  larger  and  more  conspicuous.  The  chief  known 
or  named  branches  entering  into  the  formation  of  the 
cardiac  plexus  are,  first,  those  which  proceed  from  the 
three  sympathetic  ganglia  of  the  neck  and  the  first 
dorsal  ganglion,  named  respectively  the  ramus  car- 
diacus  superior,  medius,  inferior,  and  imus.  A  branch 
from  the  superior  cervical  ganglion  sometimes  attaches 
itself  to  the  hypoglossal  nerve,  and  after  entering  the 
descendens  noni  nerve  is  given  off  from  that  nerve  to 
the  plexus  ;  but  this  is  an  inconstant  nerve.  Secondly, 
those  which  proceed  from  the  trunk  of  the  vagus, 
from  the  external  branch  of  the  superior  laryngeal 
nerve,  and  from  the  pulmonary  plexus  of  the  vagus, 
though  these  last  are  not  very  constant  in  their  origin. 
From  the  cardiac  plexus  superficial  nerves  are  given 
off,  some  of  which  are  connected  with  a  small  ganglion 
lying  beneath  the  arch  of  the  aorta,  whilst  others  form 
the  right  and  left  coronary  plexuses,  which  probably 
contain  vaso-motor  nerves  for  the  coronary  arteries 
and  sensory  nerves  for  the  pericardium.  Deep  nerves 
pass  to  the  ganglia  situated  in  the  auriculo-ventricular 
furrow  and  along  the  septum  of  the  auricles.  The 
precise  mode  in  which  the  intracardiac  ganglia  are 
normally  stimulated  is  unknown,  but  it  is  certain 
that  the  endocardium  is  sensitive,  since  the  slightest 
mechanical  irritation  of  the  inner  surface  of  the  heart 
excites  contraction ;  the  mere  contact  of  the  blood 
streaming  into  the  cavities  would  consequently  con- 
stitute such  a  stimulus  and  induce  reflex  contraction ; 
increase  of  blood  pressure,  on  the  other  hand,  appears 
to  stimulate  the  inhibitory  fibres  and  slows  the  heart. 
It  might  be  held  that  some  stimulus,  whatever  it  may 
be,  is  constantly  acting  on  the  cardiac  ganglia,  and 
that  an  inhibitory  mechanism  exists  which  dams  up 
the  current  liberated,  so  that,  like  a  Ley  den  jar  placed 
at  a  definite  distance  from  a  discharging  knob  and 
supplied  with  a  continuous  current,  it  gives  off  a 
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spark  periodically  when  the  tension  rises  to  a  certain 
height. 

Inhibitory  nerves  of  tlie  heart.— The  vagus 
has  a  special  action  on  the  heart,  and  this  influence  is 
of  interest  because  it  was  the  first  known  example 
in  which  a  stimulus  applied  to  a  nerve  supplying  a 
muscle  causes — not  contraction,  as  in  most  other 
instances,  but  relaxation  ;  or,  rather,  seems  to 
be  able  to  prevent  its  contraction,  thus  exert- 
ing an  arresting  or  inhibiting  influence  on  muscle. 
This  action  of  the  vagus  on  the  heart  was  recognised 
in  1843  by  the  brothers  Weber.  They  observed  that 
when  the  vagus  is  stimulated  in  the  neck  by  the  pas- 
sage of  a  current  of  electricity,  the  heart  ceases  to  con- 
tract, and  remains  flaccid  or  in  a  state  of  diastole,  and 
this  has  been  found  to  be  the  type  of  many  other  cases 
(figs.  11  and  12.)  The  relaxing  influence  is  not  exerted 
persistently,  for  even  though  the  application  of  the 
electrodes  to  the  nerve  be  continued,  the  heart  begins 
again  to  contract  rhythmically.  To  produce  absolute 
arrest  of  the  action  of  the  heart  in  mammals,  as  a 
rule,  both  vagi  must  be  stimulated  simultaneously,  but 
in  the  frog  and  some  other  animals  it  is  sufficient 
to  apply  the  electrodes  to  one  vagus.  One  or  two 
contractions  of  the  heart,  representing  a  latent  period, 
intervene  between  the  application  of  the  stimulus  to 
the  vagus  and  the  arrest  of  the  cardiac  beats ;  and 
when  the  heart  recommences  to  act,  the  first  few  beats 
are  feeble,  and  slower  than  before  the  stimulus  was 
applied.  In  all  cases  during  stimulation  of  the  vagus 
not  only  the  frequency  but  the  strength  of  the  beats 
of  the  heart  is  materially  reduced.  The  inhibitory 
action  is  exerted  both  directly  and  in  a  reflex  manner, 
as  may  be  shown  by  direct  pressure  on  the  vagus  in  the 
neck,  but  more  easily  and  distinctly  by  dividing  the 
vagus  on  one  side  and  stimulating  first  the  distal  and 
then  the  proximal  stump  of  the  nerve;  arrest  of  the 
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heart's  action  occurs  in  both  instances — in  the  former 
case  owing  to  the  impulse  travelling  peripherally  to 
the  heart,  and  in  the  latter  instance  to  its  passing  up- 
wards to  the  medulla  oblongata,  and  then  down  the 
opposite  nerve.  Division  of  the  vagus  on  one  side 
does  not  materially  alter  the  heart's  action,  but  divi- 
sion of  both  vagi  causes  acceleration.  The  vagal  fibres 
appear  to  be  easily  exhausted,  whilst  the  mechanism 
in  the  heart  on  which  both  vagi  act  is  not  easily  ex- 
hausted. The  vagal  centres  in  the  medulla  can  be 
excited  by  stimulating  other  nerves.  Thus  a  sharp 
blow  on  the  belly  of  a  frog  (Goltz's  experiment),  or 
sudden  pressure  on  the  supraorbital  nerve  of  a  rabbit, 
will  arrest  the  action  of  the  heart. 

Cardiac  poisons. — Only  two  or  three  of  these 
can  here  be  mentioned,  but  the  subject  is  full  of  in- 
terest. Muscarin,  a  poisonous  alkaloid  obtained  from 
the  agaricus  muscaria,  possesses  a  remarkable  power 
over  the  movement  of  the  heart ;  for  when  a  solution 
is  brushed  over  the  heart  it  speedily  ceases  to  beat  in 
diastole.  This  is  attributed  by  some  to  the  action  of 
the  muscarin  on  the  inhibitory  ganglia  of  the  heart, 
which  it  is  supposed  to  stimulate.  By  Gaskell,  how- 
ever, it  is  believed  to  act  on  the  muscle  and  intra- 
muscular terminations.  Pure  atropin  has  a  contrary 
action,  and  appears  to  paralyse  the  inhibitory  ganglia, 
so  that  the  heart  recommences  to  contract,  and  cannot 
be  made  to  stop  by  stimulation  of  the  vagus.  Curare 
and  nicotin  act  like  atropin  in  suppressing  the  action 
of  the  vagus,  whilst  digitalis,  on  the  contrary,  stimu- 
lates the  vagal  centre  in  the  medulla  oblongata. 
Anaesthetics  generally  diminish  the  inhibitory  influence 
of  the  vagus,  which  is  fortunate,  since  it  prevents  the 
occurrence  of  arrest  of  the  heart's  action  in  operations 
accompanied  by  much  pain,  which  is  well  known  to 
depress  the  action  of  the  heart. 

Iiiiiibitory  centre. — The  inhibitory  fibres  seem 
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to  arise  from  a  centre  situated  in  the  lower  part  of  the 
medulla  oblongata,  in  close  relation  with  that  of  the 


Fig.  11.— Tracing  showing  the  Effects  of  Short  Tetanisation  of  the  Vagua 
on  the  Beats  of  the  Heart  in  the  Frog.    {After  Foster.) 

The  beats  were  registered  by  means  of  a  lever  resting  on  the  ventricle.  The 
tetanisation  at  x  lasted  for  about  a  second.  The  systoles  recommenced  in 
staircase  fashion,  and  at  some  interval  of  time. 


spinal  accessory  nerve,  and  to  pass  along  the  anasto- 
mosing branch  between  the  two  nerves  into  the  vagus ; 


Fig.  12. — Tracing  showing  the  Effect  of  Short  Tetanisation  of  the  Vagus 
Nerve  of  the  Rabbit  on  Blood  Pressure.    {After  Foster.) 

At  X  the  tetanus  was  induced  and  lasted  for  about  a  second  ;  a  single  systole, 
marked  by  the  slight  ascent  of  the  tracing,  took  place,  the  larger  curves 
being  due  to  respiration.  The  heart  then  stopped  and  the  pressure  fell ; 
after  a  time  it  again  rose  and  the  beats  recommenced. 

since,  if  the  spinal  accessory  be  divided  at  its  origin, 
the  inhibitory  power  of  the  vagus  in  the  course  of  a 
few  days  can  no  longer  be  excited.  The  two  vagi 
have  a  common  terminal  apparatus,  for  if  one  nerve 
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be  exhausted  by  stimulation,  the  inhibitory  influence 
cannot  be  exerted  through  the  other. 

The  inhibitory  centre  is  excited  (1)  by  a  deficiency 
of  blood,  and  therefore  of  oxygen,  in  the  medulla 
oblongata,  as  occurs  in  sudden  and  great  haemorrhage; 
(2)  by  increase  of  blood  pressure  in  the  cavity  of  the 
skull,  as  may  easily  be  shown  by  compressing  the 
abdominal  aorta  of  a  rabbit,  or  by  arresting  the  flow 
of  blood  in  the  great  veins  of  the  neck  ;  and  this  in- 
fluence of  variation  in  blood  pressure  and  quality  of 
blood  on  the  inhibitory  centre  is  of  importance,  since 
it  preserves  the  brain  from  excessive  blood  supply, 
and  prevents  also  the  heart  from  exhausting  itself  by 
too  frequent  contractions.  The  inhibitory  centre  may 
also  be  excited  by  increased  venosity  of  the  blood  ; 
hence  the  slight  diminution  of  the  frequency  of  the 
heart's  action  during  the  inspiratory  phase  of  the 
respiration  ;  (3)  by  mental  emotions,  as  fear  joy,  and 
surprise,  all  of  which  may  lead  to  slowing  or  even  to 
arrest  of  the  heart's  action. 

The  inhibitory  centre  may  also  be  excited  in  a  reflex 
manner  :  (1)  By  stimulation  of  certain  visceral  nerves; 
thus,  if  a  frog  be  smartly  slapped  on  the  belly,  the 
heart  stops,  though  if  the  vagi  be  previously  divided 
no  such  stoppage  occurs  ;  (2)  by  stimulation  of  almost 
any  sensory  nerve — that  is,  by  pain ;  (3)  by  stimulation 
of  the  proximal  stump  of  one  vagus;  (4)  by  sudden 
inflation  of  the  lungs  with  atmospheric  air,  which 
lowers  blood  pressure. 

JOepressor  nerve,  or  nerve  of  Cyon, — In  the 
rabbity  horse,  dog,  and  cat,  and  probably  also  in  man, 
a  small  nerve  arises  by  two  roots,  one  from  the 
vagus^  and  the  other  from  the  superior  laryngeal 
nerve,  and  applies  itself  to  the  sympathetic  nerve. 
This  nerve  is  sensory  ;  if  it  be  cut,  no  efiect  is  ob^ 
served  to  follow  stimulation  of  its  peripheral  or 
cardiac  extremity ;  but  if  the  proximal  extremity  be 
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stimulated,  the  animal  gives  signs  of  pain,  the  heart's 
action  is  accelerated,  and  coincidently  a  fall  of  50  or  60 
mm.  in  the  pressure  of  the  blood  in  the  larger  vessels 
takes  place.  This  fall  of  pressure  has  been  ascertained 
to  be  consequent  on  the  relaxation  of  the  walls  of  the 
abdominal  vessels,  permitting  a  large  quantity  of  blood 
to  accumulate  in  them ;  and  the  nervous  impulse  lead- 
ing to  their  dilatation  is  conducted  to  them  by  the 
splanchnic  nerves ;  for  if  these  are  previously  divided, 
little  or  no  fall  of  pressure  is  observed  on  stimula- 
tion of  the  nerve  of  Cyon.  The  action  of  this  nerve  is 
important,  since,  being  the  sensory  nerve  of  the  heart, 
and  affecting  the  vessels  in  a  reflex  manner,  it 
permits  the  heart  to  accommodate  the  force  and  fre- 
quency of  its  beats  to  the  work  required  to  be  done. 
If  the  sensibility  of  the  heart  is  excited  by  the  over- 
charging of  its  cavities  with  blood,  i,e,  by  increased 
intracardiac  blood  pressure,  a  powerful  reflex  in- 
hibitory influence  is  directed  through  the  depressor 
and  splanchnic  nerves  to  the  muscular  coats  of  the 
intra-abdominal  vessels,  which  dilate,  and  at  once 
relieve  the  blood  pressure.  If,  on  the  contrary,  the 
cavities  of  the  heart  receive  little  blood,  and  its  sensi- 
bility is  but  feebly  excited,  the  vessels  contract,  and 
more  blood  is  driven  to  the  heart. 

Division  of  one  depressor  nerve  produces  little 
effect  on  the  blood  pressure  •  but  if  both  be  divided, 
an  immediate  rise  of  blood  pressure,  varying  in  different 
instances  from  10  to  30  mm.,  occurs.  The  effects  of 
the  absence  of  their  controlling  influence  is  well  shown 
by  clamping  the  carotid  artery  after  their  division, 
when  the  blood  pressure  swiftly  rises  to  from  30 — ^ 
75  per  cent,  of  the  normal  amount,  and  remains  high 
for  several  minutes. 

Accelerating:  nerves  of  the  heart. — ^If  the 
medulla  oblongata,  or  the  lower  segment  of  the  spinal 
cord,  after  its  division  in  the  neck,  be  stimulated,  the 
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heart's  action  is  accelerated  \  an  accelerating  centre  is 
therefore  surmised  to  exist  in  this  region.  The  ac- 
celeration takes  place  even  after  the  division  of  the 
splanchnics,  showing  that  it  is  not  due  to  diminished 
tone  of  the  vascular  system  generally ;  and  there  is 
evidence  to  show  that  the  fibres  which  arise  from  the 
medulla  oblongata  and  upper  part  of  the  spinal  cord, 
and  emerge  from  the  cord  by  the  four  lower  cervical 
and  five  upper  dorsal  nerves,  enter  the  first  thoracic 
ganglion  of  the  sympathetic,  and  pass  directly  or 
indirectly  into  the  cardiac  plexus.  A  few  fibres 
appear  also  to  run  in  the  trunk  of  the  vagus,  as  may 
be  shown  by  stimulating  the  distal  stump  of  the 
divided  vagus,  after  the  inhibitory  fibres  have  been 
paralysed  by  curare.  The  accelerating  nerves  do  not 
antagonise  the  inhibitory  nerves ;  at  least,  the  heart 
does  not  beat  slower  as  the  result  of  their  division ;  and 
if  they  are  stimulated,  and  a  shock  be  sent  down  the 
peripheral  end  of  the  cut  vagus,  the  heart  stops. 

The  action  of  the  sympathetic  nerve  is  in  all  in- 
stances augmentative,  accelerating  the  rate  of  rhythm, 
increasing  the  strength  of  both  auricular  and  ven- 
tricular contraction,  hence  augmenting  the  blood 
pressure  and  making  the  ventricle  respond  again  in 
sequence  with  the  auricles  when  that  due  sequence  has 
been  either  impaired  or  abolished  by  clamping  the 
tissue  in  the  auriculo- ventricular  groove  (Gaskell). 

The  vigour  and  frequency  of  the  heart's  action  are 
affected  within  wide  normal  limits  by  the  quantity 
and  quality  of  the  blood  traversing  its  cavities  and 
supplied  by  the  coronary  arteries  to  its  tissue.  After 
fasting  for  a  few  hours  only,  the  cardiac  beats  fall 
in  number,  the  pulse  is  weaker,  and  the  cutaneous 
veins  may  be  seen  to  contain  less  fluid,  whilst  the 
circulsLtion  in  them  is  slower.  After  a  full  meal,  on 
the  contrary,  when,  owing  to  absorption,  the  quantity 
of  blood  is  increased,  and  the  pressure  within  the 
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heart  and  vessels  is  increased,  the  opposite  conditions 
are  present.  The  influence  of  variations  of  pressure 
may  be  studied  experimentally,  and  it  would  appear 
that,  within  certain  limits,  increase  of  intracardiac 
pressure  diminishes,  and  may  in  fact  entirely  abolish, 
the  cardio-inhibitory  action  of  the  vagus  nerve,  pro- 
viding that  such  increased  pressure  acts  both  on  the 
auricles  and  the  ventricles.  Internal  pressure,  there- 
fore, has  a  stimulating  action  on  the  motor  apparatus 
in  the  heart,  which  overcomes  the  retarding  action  of 
the  vagus. 

Staircase  beats* — If,  when  the  heart  has  been 
for  some  time  quiescent,  it  is  stimulated  rhythmically, 
the  beats  are  found  to  be  at  first  feeble,  and  the  level 
of  the  tracing  is  low ;  but  as  the  stimulation  continues 
to  be  repeated,  the  beats  become  progressively  stronger, 
so  that  the  curve  presents  a  series  of  ascending  steps, 
assuming  at  length  their  ordinary  form.  The  step- 
like rise  at  the  commencement  of  the  stimulation  has 
been  termed  "staircase  beats,"  and  the  appearance  in 
question  is  due,  it  is  suggested  by  Kronecker,  to  the 
imperfect  nutrition  which  he  believes  takes  place 
during  the  protracted  pause,  and  to  which  the  heart 
when  normally  contracting  is  not  exposed,  since  with 
each  systole  a  fresh  layer  of  blood  is  brought  into 
contact  with  its  inner  surface. 

The  contraction  of  the  heart  is  a  sing^le 
shock. — When  a  tracing  is  obtained  of  a  cardiac 
contraction,  it  is  found  to  resemble,  though  it  is  of 
much  longer  duration,  the  contraction  of  ordinary 
muscle  stimulated  by  a  single  electric  shock  ;  but  it 
is  remarkable  that  while  ordinary  muscle  responds 
within  certain  limits  by  greater  vigour  of  contraction 
to  greater  intensity  of  stimulus,  the  heart,  as  Bow^ 
ditch  has  shown,  if  it  respond  at  all,  responds  with  all 
the  vigour  it  is  capable  of  exerting.  As  he  expresses 
it,  a  sufficient  stimulus  is  always  a  maximum  stimulusi 
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The  quantity  of  blood  expelled  at  each  contraction  of 
the  heart  has  been  variously  estimated  at  from  three 
to  five  ounces. 

The  heart  cannot  be  thrown  into  a  state 
of  tetanus*— If  one  of  the  ordinary  striated  muscles 
of  the  body,  such  as  the  biceps,  be  stimulated  by  a 
quick  succession  of  electric  shocks,  it  contracts  rigidly 
and  persistently,  and  is  said  to  be  tetanised  ;  but  if  a 
similar  stimulus  be  applied  to  the  heart,  although  the 
beats  are  rendered  more  frequent  by  the  shortening 
of  the  period  of  diastole,  the  muscular  tissue  does  not 
pass  into  a  state  of  tetanus,  but  continues  to  beat 
rhythmically,  each  contraction  being  instantly  followed 
by  a  period  of  relaxation. 

Refractory  phase  of  the  heart's  action.— 
The  excitability  of  the  heart  is  not  the  same  through- 
out the  whole  period  of  one  revolution,  for  it  has  been 
shown  by  Marey  that  a  stimulus  which  is  effective  if 
applied  at  one  period  is  inoperative  at  another.  Thus, 
if  a  minimal  stimulus  be  applied  during  systole,  no 
increase  of  contraction  is  produced,  it  seems  to  be  void 
of  effect ;  but  if  the  same  stimulus  be  applied  during 
the  period  of  diastole,  contraction  immediately  ensues. 
This  period  of  diminished  epccitability  is  termed  the 
refractory  phase.'' 
It  is  not  quite  such  an.  exceptional  circumstance 
as  might  at  first  sight  appear,  for  even  ia  such  a  muscle, 
as  the  sterno-mastoid,  the  excitability  of  the  tissue  is 
diminished  for  a  very  short  but  appreciable  period 
during  contraction.  During  this  period  the  muscle 
responds  less  energetically  to  a  given  stimulus,  and  it 
may  be  said  to  have  a  refractory  'period.  In  the  heart 
the  refractory  period  is  of  longer  duration,  and  stimuli 
applied  just  after  the  contraction  has  taken  place  fail 
to  produce  their  proper  effect  till  the  tissue  has,  so  to 
speak,  gathered  its  forces  together  for  the  effort  of  a 
fresh  contraction.  If  some  part  of  the  exposed  heart 
F— 5 
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of  a  frog  be  pressed  somewhat  firmly  with  a  probe, 
this  part  will  immediately  contract  with  gi*eat  vigour ; 
but  careful  observation  will  then  show  that  for  several 
beats  it  remains  quiescent.  In  other  words,  its  re- 
fractory period  is  prolonged.  It  does  not  respond  for 
a  time  to  its  normal  stimulus. 

The  heart  the  main  ag^ent  in  effecting^  the 
circulation  of  the  blood. — It  is  to  be  clearly 
understood  that  the  movement  of  the  blood  is  entirely 
dependent  upon  differences  of  pressure  in  different 
parts  of  the  system.  The  blood  moves  from  the  region 
where  the  pressure  is  greater  to  that  where  it  is  less. 
The  pressure  in  the  systemic  circulation  is  highest 
within  the  left  ventricle  at  the  moment  of  systole,  and 
it  gradually  diminishes  in  the  arteries,  capillaries,  and 
veins,  till  it  reaches  its  lowest  point  in  the  venae  cavse 
at  their  entrance  into  the  right  auricle;  hence  the 
blood  flows  from  the  left  ventricle  into  the  aorta,  then 
into  its  branches,  from  thence  into  the  capillaries, 
and  so  by  the  veins  into  the  right  auricle.  It  has 
been  fully  proved  that  the  left  ventricle  contracts 
with  sufficient  force  to  drive  the  blood  through  all 
the  systemic  vessels,  including  those  of  the  liver; 
but  though  the  chief  and  efficient  fcrce  by  which  the 
circulation  of  the  blood  is  accomplished,  various 
accessory  forces  assist  its  action,  which  will  be  imme- 
diately considered. 
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CHAPTER  V. 

BLOOD-VESSELS,  AND  THE  MOVEMENT  OF  BLOOD  IN  THEM. 

The  blood  driven  out  of  the  heart  at  each  contraction 
of  the  ventricles  enters  a  system  of  tubes  that  is 
everywhere  closed,  except  at  the  point  where  the  great 
lymphatic  ducts  open  into  it ;  the  tubes  vary  in  struc- 
ture, and  are  named  respectively  arteries,  capillaries, 
and  veins.  The  arteries  divide  and  carry  the  blood  to 
every  part  of  the  body,  gradually  breaking  up  into 
capillaries,  or  fine  hair-like  vessels,  which,  freely 
anastomosing  in  the  substance  of  each  tissue  and  organ, 
supply  it  with  blood,  and  then  unite  to  form  the  veins, 
the  function  of  which  is  to  conduct  the  blood  to  the 
auricles  ;  those  commencing  in  the  lungs  end  in  the 
left  auricle,  and  those  of  the  body  at  large  in  the 
right  auricle,  from  which  the  blood  passes  into  the 
corresponding  ventricles  to  begin  its  circulation  anew. 
The  right  auricle,  right  ventricle,  pulmonary  artery, 
capillaries,  and  veins  form  the  pulmonary  or  lesser 
circulation.  The  left  auricle  and  ventricle,  aorta, 
systemic  arteries,  capillaries,  and  veins  terminating 
in  the  two  vense  cavse,  form  the  greater  or  systeynic 
circulation.  In  addition  to  these  two  main  systems, 
there  are  two  secondary  or  subsidiary  circulations, 
named  the  portal  and  the  renal.  In  the  portal  circu- 
lation the  great  vein  named  the  portal  vein,  formed 
by  the  coalescence  of  the  veins  arising  in  the 
stomach,  intestines,  spleen,  and  pancreas  breaks  up 
like  an  artery  into  smaller  vessels  in  the  liver,  which 
again  unite  to  form  the  hepatic  veins,  and  conduct 
their  blood  into  the  inferior  vena  cava.  In  the  renal 
circulation  a  minute  vein  emanating  from  a  capillary 
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plexus  breaks  up  into  a  second  capillary  plexus,  from 
which  the  true  renal  vein  arises. 

The  arteries. — The  arteries  are  tubes  possess- 
ing strong,  highly  elastic,  and  contractile  walls, 
properties  which  they  owe  to  their  structure. 

Their  strength  or  power  of  resistance  proceeds  from 
the  external  sheath  of  connective  tissue,  which  enables 
the  vessels  to  resist  without  rupturing  the  great  dis- 
tending force  to  which  they  are  exposed  at  each 
systole  of  the  heart,  amounting,  as  Hales  demon- 
strated in  the  horse,  to  the  pressure  of  a  column  of 
blood  eight  or  nine  feet  high  ;  or  to  a  column  of 
mercury,  as  Ludwig  has  shown  in  the  horse,  320  mm. 
in  height. 

Their  elasticity  permits  them  to  yield,  without 
danger  of  bursting,  to  the  sudden  increase  of  the  strain 
upon  their  walls  which  occurs  at  each  ventricular 
systole,  whilst  it  enables  them  to  accommodate  them- 
selves easily  to  the  various  movements  of  the  body. 
It  has  the  further  effect  of  converting  the  intermittent 
flow  of  blood  in  the  large  arteries,  consequent  on  the 
cardiac  beats,  into  a  uniform  and  constant  current  in 
the  capillaries. 

Their  contractility  confers  upon  them  the  power 
of  adapting  themselves  to  the  variable  quantities  of 
blood  they  contain  at  different  periods,  and  at  the 
same  time,  as  it  is  under  the  influence  of  the  nervous 
system,  it  enables  that  system  to  control  the  amount 
of  blood  supplied  to  each  tissue  in  accordance  with 
its  requirements. 

Dr.  Roy  has  pointed  out  a  singular  feature  in  the 
elasticity  of  animal  tissues,  and  of  the  arterial  walls 
in  particular,  in  which  they  agree  with  caoutchouc, 
but  difter  from  most  other  elastic  substances,  viz. 
that  the  elongation  produced  by  weights  is  not  pro- 
portionate to  the  weights  employed,  but,  on  the 
contrary,  the  increments  in  length  diminish  gradually 
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in  proportion  to  the  weights.  He  finds,  further,  that 
when  the  arterial  or  venous  wall,  as  well  as  some 
other  tissues,  are  stretched,  their  temperature  rises, 
whilst  it  falls  again  when  they  are  relaxed.  The 
elasticity  of  the  arteries  enables  them  to  accommodate 
themselves  to  very  difierent  quantities  of  blood.  Thus 
the  capacity  of  the  aorta  of  the  rabbit  was  quadrupled 
when  distended  with  an  internal  pressure  of  200  mm. 
of  mercury,  as  compared  with  its  capacity  in  an  undis- 
tended  state.  Different  arteries,  however,  in  the  same 
animal  always  differ  considerably,  the  capacity  of  the 
carotids  under  the  same  conditions  as  those  just  men- 
tioned differing  as  1  to  6.  The  pulmonary  artery 
possesses  the  highest  elastic  distensibility  in  the  body, 
for  in  more  than  one  specimen  of  the  pulmonary  artery 
of  the  rabbit  the  capacity  became,  on  raising  the  in- 
ternal pressure  up  to  500  mm.  of  water,  more  than 
twelve  times  as  great  as  that  when  undistended. 
The  veins  distinguish  themselves  from  the  arteries  by 
the  relatively  small  increase  in  capacity  produced  by 
raising  the  internal  pressure  from  immediately  above 
zero  to  400  or  500  mm.  of  water,  the  increase  being 
usually  about  1  to  2.  The  enormous  changes  in  the 
capacity  of  the  veins,  well  known  to  occur  during  life, 
are  due  less  to  differences  of  pressure  than  to  the  great 
differences  in  the  quantity  of  blood  they  contain. 

Ag^ents  aiding  the  movementf§»  of  the  hlood. 
— The  movement  of  the  blood  is  promoted  by  several 
agents:  YiY^thytYie  aspiration  of  hlood  into  the  thorax, 
owing  to  the  pressure  in  the  chest  being  negative  or 
below  that  of  the  atmosphere,  even  in  expiration,  and 
still  less,  therefore,  in  inspiration.  To  show  that  such 
negative  pressure  exists  it  is  only  necessary  to  open 
the  cavity  of  the  pleura,  when  the  lungs  are  seen  to 
contract,  proving  that  under  ordinary  circumstances 
they  are  permanently  dilated  beyond  their  natural 
state,  and  therefore  the  pressure  being  less  the  blood 
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must  tend  to  flow  into  the  chest  both  by  the  venae 
cavae  and  by  the  aorta  ;  but  the  effect  is  much  more 
marked  on  the  thin-walled  veins  than  upon  the  thick 
and  strong- walled  aorta,  and  more  blood  would  there- 
fore enter  by  the  veins  even  if  there  were  no  valves  in 
the  aorta.  The  circulation  is  further  aided  by  the 
dilatation  of  the  heart  in  diastole^  and  also  by  the 
compression  of  the  veins  possessing  valves  during 
muscular  exertion.  The  influence  of  the  valves  is 
easily  intelligible,  for  if  a  vein  destitute  of  valves 
crosses  a  muscle,  the  muscle,  becoming  thicker  on 
contraction,  must  compress  it  against  adjoining 
parts,  and  tend  to  drive  the  blood  in  both  directions ; 
but  if  valves  are  present,  the  backward  flow  is  pre- 
vented and  the  blood  moves  in  the  forward  direction 
only.  Lastly,  the  experiments  of  Roy  have  shown 
that  various  organs,  such  as  the  spleen  and  kidney, 
contract  rhythmically,  owing  to  the  unstriated  muscle 
which  is  contained  in  their  substance,  which  must 
tend  to  drive  the  blood  onwards,  whether  synchron- 
ous with  the  systole  or  diastole  of  the  heart.  The  ex- 
quisitely smooth  surface  conferred  upon  the  interior 
surface  of  the  arteries,  as  well  as  upon  the  veins  and 
capillaries,  by  the  endothelial  lining,  facilitates  the 
flow  of  blood  by  lessening  friction. 

Resistance  to  the  movement  of  the  blood. 
— The  resistance  oflered  to  the  expulsion  of  the  blood 
from  the  heart  by  its  contraction  is  composed  of 
several  factors  : — 

1.  The  mass  of  blood  to  be  moved  forward. 

2.  The  elasticity  of  the  arteries. 

3.  The  friction  of  the  blood  against  the  tubes. 

1 .  Before  any  blood  can  escape  from  the  ventricles 
the  arterial  valves  have,  like  flood-gates,  to  be  forced 
open,  and  the  blood  resting  on  them  to  be  moved 
forward.  Were  the  arteries  and  the  other  vessels  rigid 
tubes,  the  entire  mass  of  the  blood,  since  fluids  are 
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incompressible,  would  have  to  be  pushed  forward  and 
the  effort  required  to  be  made  by  the  heart  would  be 
enormous ;  but  this  is  greatly  reduced  by  their 
elasticity. 

2.  The  elasticity  of  the  arteries  has  to  be  over- 
come, and  especially  of  the  large  ones  like  the  aorta 
and  pulmonary  arteries,  which  yield  laterally  to  admit 
the  entrance  of  the  portion  of  blood  expelled  by 
the  ventricle,  and  then  by  their  resilience  gradually 
compel  the  new  accession  to  their  contents  to  move 
forward,  since,  owing  to  the  closure  of  the  valves,  it 
cannot  return.  Nearly  all  the  force  expended  by  the 
heart  in  this  way  is  restored. 

3.  The  third  and  chief  factor  is  the  friction  against 
the  walls  of  the  vessels.  The  laws  of  hydrodynamick 
show  that  the  friction  of  a  fluid  moving  in  a  small 
vessel  is  far  greater  than  that  in  a  large  one, 
from  whence  it  follows  that,  notwithstanding  the 
enormous  increase  in  the  areas  of  section  of  the 
systemic  capillaries  collectively,  as  compared  with 
the  aorta,  the  friction  of  water  and  h  fortiori  of  blood, 
which  is  a  much  thicker  fluid,  is  greatly  augmented. 
Any  condition  that  will  still  further  diminish  the  size 
of  the  smaller  vessels  will  increase  the  resistance,  and 
it  is  here  that  the  importance  of  the  muscular  tunic 
of  the  arterioles  comes  into  view.  In  fact,  the  chief 
variations  in  the  degree  of  resistance  offered  to  the 
heart's  action  in  driving  the  blood  forward  is  the 
construction  of  the  smaller  arteries.  With  relaxed 
arterioles  the  escape  of  blood  from  the  large  arteries 
into  the  capillary  system  is  facilitated  ;  with  contracted 
arterioles  the  passage  of  the  blood  from  the  large 
arteries  is  rendered  more  difficult. 

Blood  pressure.— The  pressure  of  the  blood  in 
the  vessels  is  the  result  of  the  force  with  which  the 
blood  is  driven  into  them  by  the  heart,  and  of  the 
resistance  that  is  offered  to  its  onward  movement. 
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It  is,  of  course,  highest  in  the  left  ventricle  (which 
might  be  represented  by  the  vertical  line  or  ordi- 
nate H  H,  Fig.  13)  at  the  moment  of  systole, 
because  the  whole  mass  of  the  blood  has  then  to 
be  moved,  the  elasticity  of  all  the  systemic  arteries, 
and  the  friction  of  the  blood  against  the  whole 
length  of  the  vascular  system,  to  be  overcome.  It 
rises  hereto  160  mm.  in  the  dog,  and  300  mm.  in  the 
horse,  but  probably  does  not  exceed  120  mm.  in  man. 


Fig.  13.— Diagram  to  show  the  Variations  of  Blood  Pressure  in 
different  parts  of  the  Vascular  System. 


This  pressure  is  preserved  in  the  larger  arteries  (a),  on 
account  of  the  resistance  offered  to  the  passage  of  the 
blood  by  the  smaller  arterioles.  Immediately  beyond 
the  smaller  arterioles  (a),  however,  the  pressure  rapidly 
falls,  because  the  blood  then  enters  the  wide  area  of  the 
capillaries  (c).  It  remains  low  in  the  veins  (v),  and  in 
those  near  the  heart  actually  descends  below  the  basal 
line  or  zero,  showing  the  exhaustive  or  suction  influence 
exerted  upon  it  by  the  resiliency  of  the  lungs,  the 
diastole  of  the  heart,  or  by  the  inspiratory  effort,  or 
by  all  these  combined. 

If  the  arteries  were  a  system  of  rigid  tubes,  and 
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had  no  outlet  on  the  side  of  the  capillaries,  it  would  be 
impossible  for  the  heart  to  drive  any  blood  into  them, 
for  fluids  are  incompressible,  and  no  movement  of  the 
blood  would  occur ;  but  the  pressure  of  the  blood 
against  the  walls  would  be  increased  during  the  heart's 
beat  in  exact  proportion  to  the  force  of  that  muscle. 
If,  however,  instead  of  being  rigid  tubes,  the  arteries 
were  elastic  tubes,  and  had,  as  before,  no  outlet  on  the 
side  of  the  capillaries,  the  heart  would  be  capable  of 
discharging  its  blood  into  them  for  a  few  beats,  be- 
cause the  elasticity  of  the  walls  would  permit  th«m  to 
yield  and  enlarge,  but  the  pressure  of  blood  would 
continue  to  rise  at  each  stroke  of  the  heart  until  the 
limit  of  their  resistance  was  overcome  and  they  gave 
way,  or  until  the  resistance  offered  to  the  entrance  of 
more  fluid  was  equivalent  to  the  force  which  the  heart 
could  exert.  But  if,  as  is  actually  the  case,  the 
arteries  are  highly  elastic  tubes  which  terminate  in  a 
plexus  of  capillaries,  it  is  clear  that  whilst  at  each 
stroke  of  the  heart  the  pressure  of  the  blood  is  raised 
throughout  the  arterial  system,  it  must  necessarily  fall 
during  the  interval  between  two  beats,  because  the 
blood  is  escaping  by  the  capillaries.  Pressure  exists 
against  the  walls  of  the  vessels,  because  at  any  moment 
and  in  any  part,  except  in  the  veins  close  to  the  heart, 
the  quantity  of  blood  contained  in  the  vessels  is  greater 
than  they  can  contain  if  their  elasticity  is  not  called 
into  play,  and  the  difference  of  pressure  in  different 
parts  is  practically  the  cause  of  the  motion  of  the  blood. 
The  pressure  in  the  aorta,  termed  the  blood  pressure^ 
is  greatly  exalted  at  each  stroke  of  the  heart,  but 
rapidly  falls  during  the  diastole  as  the  blood  escapes 
through  its  branches  into  the  smaller  arteries,  and 
from  thence  into  the  capillaries.  The  wean  blood 
pressure  is  the  pressure  which  a  manometer  attached 
to  the  aorta  indicates  when  a  line  is  drawn  mid- 
way between  the  highest  and  the  lowest  piessure. 
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The  pressure  falls  in  passing  from  the  larger  to  the 
smaller  vessels,  because  the  sectional  area  of  the 
branches  is  greater  than  that  of  the  parent  trunk,  and 
the  resistance  is  therefore  lessened  ;  hence  the  arterial 
pressure  or  tension^  which  is  the  pressure  exerted  by 
the  blood  in  any  particular  vessel,  is  determined  by 
the  force  with  which  the  heart  drives  blood  into  the 
arterial  system,  and  the  resistance  which  opposes  the 
exit  of  blood  from  the  artery  under  examination. 

Hence  if  we  estimate  the  arterial  tension  or  pres- 
sure in  the  human  carotid  at  about  120  mm.,  it  would 
fall  to  about  110  mm.  in  the  brachial,  to  about  40  mm. 
in  the  capillaries,  to  10  mm.  in  the  cutaneous  veins  of 
the  arm,  and  to  a  millimetre  or  two  above  or  even 
below  zero  in  the  veins  that  are  about  to  open  into 
the  heart. 

It  is  clear  that  the  perfect  action  of  the  aortic 
semilunar  valves  is  an  important  element  in  the  main- 
tenance of  the  blood  pressure.  If  these  are  incom- 
petent, that  is  to  say,  do  not  close  perfectly,  they  will 
allow  the  blood  which  has  just  been  forced  into  the 
aorta  by  the  systole  of  the  ventricle  to  regurgitate. 
The  result  of  this  is  that  the  pressure  suddenly  raised 
in  the  aorta  as  suddenly  falls,  and  a  short  sharp  wave 
is  transmitted  through  the  system,  which  is  sometimes 
named  the  "  water-hammer  "  pulse. 

The  influence  of  the  loss  of  blood  on  arterial 
pressure  is  remarkable  ;  if  only  moderate  in  amount 
the  effect  is  scarcely  observable,  for  although  the  blood 
escapes  freely  from  the  arteries,  and  the  result  might 
therefore  be  expected  to  resemble  that  of  dilatation  of 
the  capillaries,  and  to  be  a  fall  of  arterial  pressure, 
yet  this  does  not  occur  to  a  marked  extent,  because 
deficiency  of  oxygenated  blood  in  the  nerve  centres 
stimulates  them  to  action,  and  the  smaller  arteries 
everywhere  contract,  and  thus  the  arterial  pressure 
is  maintained  nearly  at  its  normal  amount.  If, 
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however,  the  loss  of  blood  much  exceeds  2  to  3  per 
cent,  of  the  total  weight  of  the  body,  the  power  of 
the  heart  fails  and  the  blood  pressure  suddenly  falls. 

The  blood  pressure  can  be,  for  a  brief  period, 
materially  augmented  by  the  transfusion  of  the  de- 
fibrinated  blood  of  another  animal,  which  acts  by  fill- 
ing the  vessels  and  increasing  the  resistance  offered  to 
the  introduction  of  more  blood  into  them  at  each 
systole  of  the  heart.  The  great  size  and  distensibility 
of  the  abdominal  vessels  enable  them,  however,  to 
act  as  important  regulators  of  the  arterial  pressure. 
Hence,  when  much  fluid  is  added  to  the  blood  either 
by  transfusion  or  absorption,  it  accumulates  in  these 
vessels  and  the  pressure  falls,  Avhilst  when  the  general 
arterial  system  contains  a  deficient  supply  of  blood 
they  contract  and  maintain  the  normal  pressure  by 
propelling  the  blood  they  contain  into  the  general 
circulation.  A  remarkable  experiment  shows  that 
this  really  occurs,  for  if  the  portal  vein  be  ligatured 
the  blood  continues  to  enter  the  abdominal  vessels,  but 
is  unable  to  escape ;  and  so  much  may  thus  accumulate 
that  the  blood  pressure  may  sink  to  zero,  and  the 
animal  dies,  having  bled  itself  to  death  in  its  own 
visceral  veins.  If  the  ligature  be  released  before  this 
result  occurs,  the  normal  pressure  is  soon  recovered. 

The  pressure  of  the  blood  steadily  decreases  in 
passing  from  the  larger  to  the  smaller  arteries ;  t^us, 
if  in  the  carotid  artery  it  is  120  mm.,  in  the  metatarsal 
artery  it  will  not  much  exceed  100  mm.  The  reason 
that  it  falls  to  a  certain  extent  is  because  the  total 
sectional  area  of  the  small  vessels  is  greatly  in  excess 
of  the  primary  trunk  from  which  they  are  derived, 
and  hence  the  blood  is  moving  in  a  wider  channel, 
-and  the  only  reason  that  it  does  not  fall  still  lower  is 
because  the  friction  of  the  blood  against  the  walls  of 
the  vessels  is  so  much  greater  in  the  small  vessels  than 
in  the  larger  ones. 


Fowl,  sciatic  artery. 


Horse,  carotid  artery. 


Dog,  carotid  artery. 


Guinea  pig,  carotid. 


Hare,  carotid. 


Tortoise,  carotid. 


Frog,  iliac  artery. 


Zero  line  of  manometer. 


Fig.  14. — Pressure  of  the  Blood  in  Vertebrates  in  Centimetres. 

This  figure  shows  that  the  constant  pressure  of  the  blood,  i.e.  the  distance  of 
the  lowest  point  of  the^^  os^cillations  of  the  manometer  from  the  zero  line, 
varies  considerably  in  dilferent  vertebrates,  and  also  that  the  height  or 
amplitude  of  the  pulse  waves  presents  marked  differences.  The  former 
represients  the  state  of  fulness  or  tension  of  the  vessels,  the  latter  the  extent 
or  dpgree  of  elastic  recoil  of  the  arteries  between  the  gucceseive  beats  of 
the  heart. 
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The  diagram  on  page  76  (Fig.  14)"^  shows  that  great 
differences  of  blood  pressure  exist  in  the  same  artery, 
or  in  arteries  of  nearly  the  same  calibre  of  different 
animals ;  and  although  no  constant  can  be  given  for 
the  pressure  in  the  same  animal  or  in  the  same 
artery,  since  considerable  fluctuations  are  perpetually 
taking  place  owing  to  physiological  conditions,  yet  it 
may  be  stated  generally  that  the  blood  pressure  in 
mammals  is  about  equal  to  that  of  a  column  of 
mercury  15  centimetres  in  height. 

Whatever  increases  the  resistance  to  the  flow  of 
the  blood  through  the  vessels  increases  the  pressure  of 
the  blood  ;  thus,  ligature  of  one  or  more  large  vessels, 
by  diminishing  the  outflow  in  that  direction,  increases 
the  pressure  in  the  rest  of  the  system.  So,  again, 
constriction  of  the  smaller  arteries,  as  by  the  action 
of  cold  or  by  the  stimulation  of  vaso-motor  nerves 
or  centres,  especially  by  blood  charged  with  carbon 
dioxide,  raises  the  pressure. 

On  the  contrary,  whatever  facilitates  the  flow  of 
blood  from  the  arteries  into  the  capillaries  lowers  the 
pressure  of  the  blood  in  the  arteries.  Thus,  warmth 
applied  to  the  surface,  by  relaxing  the  small  arteries, 
permits  the  large  arteries  to  discharge  their  contents, 
and  the  pressure  falls.  The  same  result  is  seen  after 
division  of  the  vaso-constrictor  nerves,  as,  for  example, 
of  the  splanchnics. 

The  inhibitory  action  of  the  vagus  normally 
regulates  the  blood  pressure,  since  whenever  the 
arterial  blood  pressure  rises  above  the  normal  amount 
it  constitutes  a  stimulus  to  the  depressor  nerve,  aind 
through  it  of  the  vagal  centre,  the  immediate  effect 
of  which  is  reduction  of  the  force  and  frequency  of 
the  cardiac  beats,  and,  by  inhibition  of  the  abdominal 
vessels  through  the  splanchnics,  dilatation  of  these 
vessels  and  a  return  to  normal  pressure. 
*  From  Viault  and  Jolyet,  *' Traits  de  Physiolo^ie,"  1889,  p.  419/ 


78  Human  Physiology.  [Chap.  v. 


lollueiice  of  the  respiratory  acts  upon 
the  circulation.— If  a  very  deep  expiration  be  made, 
and  with  closed  glottis  a  strong  inspiratory  efibrt  be 
made,  the  heart  becomes  surcharged  with  blood,  beats 
more  feebly,  and  may  even  be  stopped,  an  experiment 
that  is  sometimes  called  the  "  experiment  of  Miiller." 
In  like  manner  the  heart  may  also  be  stopped  if  a  very 
deep  inspiration  be  made,  followed  by  a  powerful 
effort  with  closed  glottis  at  expiration.  It  is  clear, 
then,   that  the  respiratory   acts  exert  a  powerful 


Fig.  15. — Simultaneous  Tracings  of  the  Pulse  in  the  Carotid,  and  of  the 
Respiration  in  a  large  Doj?,  narcotised  with  Morphia,  having  the 
Chest  opened  and  the  Vagi  intact.    (J/ter  Fredericq  ) 


influence  upon  the  action  of  the  heart  and  upon  the 
circulation.  Both  conditions  take  a  certain  time  to 
produce  their  eflect,  and  hence  it  is  found  that  whilst 
the  blood-pressure  curve  taken  in  the  carotid  exhibits 
undulations  indicating  the  acts  of  inspiration  and  ex- 
piration, they  do  not  exactly  correspond  with  them. 
Speaking  generally,  the  blood  pressure  which  has 
reached  its  highest  point  when  expiration  commences 
falls  during  the  act  of  expiration,  and  attains  its 
lowest  point  just  after  inspiration  begins  (Figs.  15, 16). 

Innervation  of  the  vessels. — The  unstriated 
muscular  tissue  which  forms  so  important  a  part  of 
the  wall  of  the  medium-sized  and  smaller  arteries, 
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and  which  exists  in  smaller  proportion  in  the  veins, 
contracts  under  the  influence  of  a  system  of  nerves 
that  has  received  the  name  of  vaso-motor.  The  chief 
centre  of  this  system  is  situated  in  the  medulla 


Fig.  16.— Simultaneous  tracings  of  the  Arterial  pressure  taken  by 
means  of  Lud wig's  Kymograph,  and  of  the  Eespiratory  movements 
in  the  Dog,  the  latter  taken  with  the  Pneumograph  of  Knoll, 
(^/ter  Fredericq.) 


oblongata,  immediately  behind  the  corpora  quadri- 
gemina,  extending  downwards  nearly  to  the  apex  of 
the  calamus  scriptorius.  The  destruction  of  the  medulla 
at  this  point  destroys  the  tone  of  the  vascular  system 
generally,  and  abolishes  nearly  all  reflex  phenomena 
exhibited  by  it.  Other  vaso-motor  centres,  though 
less  important,  probably  exist  in  successive  segments 
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of  the  spinal  cord,  and  vaso-motor  fibres  issue  by  the 
anterior  or  ventral  roots  of  the  spinal  nerves,  and 
enter  the  sympathetic  ganglia,  which  may  also  be 
regarded  as  vaso-motor  centres.  That  the  sympathetic 
nerves  exert  a  constricting  influence  on  the  vessels  is 
shown  by  dividing  the  cervical  sympathetic  nerve  on 
one  side,  when  the  vessels  will  be  seen  to  dilate  and 
permit  a  freer  current  of  blood,  with  other  phenomena 
that  will  be  described  in  the  chapter  on  the  sym- 
pathetic nervous  system.  If  the  distal  portion  of  the 
cut  sympathetic  be  stimulated,  the  vessels  contract. 
The  vaso-motor  centre  can  be  stimulated  by  reflex 
action,  of  which  a  good  example  occurs  in  the 
diminution  of  circulation  and  temperature  in  one  hand 
when  the  other  is  immersed  in  very  cold  water.  On  the 
other  hand,  it  can  be  inhibited  by  reflex  action.  Thus 
stimulatipn,  in  a  rabbit  rendered  motionless  by  curare, 
of  the  depressor  nerve  of  Cyon,  which  is  the  sensory  or 
centripetal  nerve  of  the  heart,  and  runs  up  to  the 
medulla  oblongata,  causes  in  the  first  place  the  heart 
to  beat  less  strongly,  owing  to  stimulation  of  the 
vagal  inhibitory  centre ;  and  secondly,  by  inhibiting 
the  vaso-motor  centre  it  causes  the  vessels  of  the 
abdomen  to  dilate  and  retain  a  large  quantity  of 
blood.  The  influence  by  which  this  dilatation  is  effected 
is  conducted  through  the  splanchnic  nerves.  A  regulat- 
ing action  on  the  circulating  system  is  thus  exerted.- 
If  the  heart  receives  an  excess  of  blood  the  depressor 
nerve  is  stimulated  and  its  inhibiting  influence  is 
brought  into  play,  the  vessels  enlarge,  and  the  heart 
is  relieved.  If  the  supply  of  blood  to  the  heart  is 
insufficient,  the  depressor  is  not  excited,  and  the 
constricting  influence  of  the  vaso-motor  centre  is 
exerted.  Other  vaso-motor  actions  will  be  considered 
in  the  sections  on  secretion  (salivary  and  renal)  and 
erection. 

The  vaso-motor  centre  presents,  like  the  moderator 
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centre  of  the  heart,  a  rhythm  isochronous  with  that 
of  the  respiratory  centres.  At  each  expiration  all 
the  small  vessels  contract,  and  consequently  tend  to 
augment  the  arterial  pressure*  At  each  inspiration 
they  dilate,  and  therefore  cause  the  blood  pressure  to 
fall.  In  order  to  render  these  oscillations  of  pressure 
due  to  vaso-motor  influence  evident,  the  thoracic  and 
abdominal  cavities  of  an  animal  must  be  laid  open, 
and  the  phrenics  and  vagi  divided.  The  respiratory 
movements  are  then  only  marked  by  slight  separation 
and  approximation  of  the  ribs,  but  each  inspiration  is 
accompanied  by  a  fall  of  pressure,  and  each  expiration 
by  a  rise  of  pressure.  These  oscillations  of  the  blood 
pressure  are  named  the  "  curves  of  Traube-Hering." 
They  are  not  seen  in  the  rabbits 

Tlie  pulse. — When  the  finger  is  placed  upon  any 
artery  and  light  pressure  made,  a  beat  or  shock  is  felt 
which  is  coincident  with  the  systole  of  the  heart. 
With  each  systole  from  three  to  five  ounces  of  blood 
are  forced  into  a  system  of  elastic  already  distended 
tubes,  and  a  wave,  which  is  quite  different  from  the 
translation  of  the  blood  injected,  is  consequently  pro- 
pagated from  one  end  of  the  body  to  the  other.  The 
whole  arterial  system  becomes  sudderily  tightened  and 
yields  a  little,  to  make  room  for  the  additional  quafttity 
of  blood  forced  into  it.  The  pulse,  as  it  is  felt  at  the 
wrist  or  on  the  temple  or  on  the  dorsum  of  the  foot, 
is  the  efibrt  of  the  arte^ry  to  recover  its  cylindrical 
form  when  it  has  been  compressed  agailist  the  hard 
subjacent  tissues  and  temporarily  flattened.  The  lateral 
expansion  of  the  arteries  is  so  small  that  it  is  in- 
appreciable to  the  finger  when  they  are  surrounded 
on  all  sides  by  soft  tissues.  Hence,  in  operations, 
when  it  becomes  necessary  to  fi^id  a  yf^ssel,  itsfpuka?- 
tion  is:  scarcely  to  be  felt  unless  it  can  be  compressed 
against  some  hard  tissue  such  as  bone.  The  wave  ex- 
cited by  the  systole  of  the  heart,  which  must  not  be 
G— 5 
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confounded  with  the  onward  movement  of  the  blood 
itself,  takes  time  to  propagate  itself  to  the  more 
distant  parts  of  the  arterial  system.  This  may  be 
shown  by  the  application  of  two  sphygmographs  to 
the  vessel,  at  parts  as  remote  as  possible  from  each 
other ;  the  speed  of  the  wave  has  thus  been  ascer- 
tained to  vary,  according  to  the  condition  of  the  arte- 
rial walls,  from  6  to  1 2  metres  per  second j  the  velocity 
being  somewhat  greater  in  the  vessels  of  the  lower  limb 
than  in  those  of  the  upper,  apparently  on  account 
of  the  more  rigid  nature  of  the  walls  of  the  vessels  in 
the  lower  limb.  For  the  same  reason  it  is  rather 
more  rapid  in  old  people  than  in  youth.  As  the 
wave  is  propagated  through  the  arterial  system  it 
becomes  less  and  less  marked.  Strong,  and  of  great 
amplitude  in  the  aorta,  it  is  gradually  extinguished 
in  the  smaller  vessels,  and  is  ultimately  lost  in  the 
capillaries.  The  nature  of  the  tube  and  the  degree 
of  its  elasticity  exert  great  influence  on  the  rapidity  of 
propagation  of  the  pulse  wave.  In  glass  tubes  the 
wave  travels  at  the  rate  of  216  feet  per  second  ;  in  a 
thick  rubber  tube,  jit  165  feet ;  in  a  thin  rubber  tube, 
31  feet ;  in  a  chicken's  intestine  \  in.  in  diameter  and 
2  feet  long,  1 6  feet  per  second ;  and  in  the  aorta  of  at 
calf,  12-75  feet  (Keyt). 

In  the  living  body  the  rapidity  with  which  the 
pulse  wave  is  propagated  may  be  modified  by  two 
conditions.  Every  increase  of  resistance  to  the  flow  of 
blood,  by  tightening  the  vessels  or  raising  the  arterial 
tension,  accelerates  the  passage  of  the  wave  ;  but,  on 
the  other  hand,  this  very  increase  of  the  arterial  ten-^ 
sion  renders  it  more  difficult  for  the  heart  to  discharge 
its  contents  quickly.  It  propels  less  blood  in  the 
arteries  at  each  pulsation,  and  the  waves  are  of  less 
volume,  and  are  formed  moi'e  slowly.  On  the  other 
hand,  when  the  arterial  tension  is  low,  that  is,  when 
the  arteries  are  less  tightly  filled,  this  cause  of  th© 
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slowing  of  the  wave  is  compensated  by  the  more  easy 
and,  consequently,  more  abundant  and  brisker  pene- 
tration of  the  ventricular  blood  into  the  arterial 
system,  and  the  waves  travel  correspondingly  faster 
(Marey).  And  these  two  conditions  usually  com- 
pensate each  other  in  health.* 

Form  of  the  puli^e  wave.— The  form  as  ex- 
hibited in  a  sphygmographic  f  tracing  presents  certain 
general  features,  whilst  there  are  others  which  belong 
to  the  particular  artery  examined,  to  the  character  of 
the  cardiac  contractions,  the  quantity  and  quality  of  the 


Fig.  17.— Type  of  Normal  Pulse. 
6,  Primary  wave ;  d,  dicrotic  wave ;  c  and  e,  second  iry  waves. 

blood,  and  to  conditions  of  the  system  at  large.  The 
features  common  to  all  sphygmographic  tracings  are  a 
sudden  rise  of  the  line  indicating  the  commencement  of 
the  wave,  a  pointed  summit,  indicating  the  period  of 
greatest  tension  of  the  arterial  wave,  and  an  obliquely 
descending  line  indicating  the  gradual  reduction  of  the 
arterial  tension  as  the  blood  escapes  from  the  arteries 
into  the  capillaries.  The  descending  line  usually  shows  a 
distinct  secondary  or  c?^cro/^c  wave,  J  and  one  or  two  sub- 
sidiary waves.    The  accompanying  woodcut  (Fig.  17) 

*  According  to  Keyt,  however,  the  rapidity  of  the  wave  is 
little  influenced  by  the  state  of  the  blood,  or  by  the  frequency  or 
force  of  the  heart's  action,  and  it  is  not  materially  modified  by 
distance  from  the  heart,  nor  by  the  branching  of  the  main  trunk, 
t  a(^vy/ids,  pulsation  ;  yp<£<^<«j,  to  wtite.  1  5ts,  twic6  ;  Kporew;  to  strike. 
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shows  the  form  of  the  radial  pulse  of  a  healthy  young 
person  at  rest,  and  is  of  a  typical  character.  The  systolic 
phase  presents  two  undulations ;  the  first,  ^,  forming 
the  rounded  summit  of  the  pulsation,  is  at  the  end  of 
the  vertical  line.  This  summit  is  followed  by  the 
predicrotic  wave  c,  which  is  succeeded  by  the  dicrotic 
wave  d.  The  predicrotic  wave  c  has  attracted  much 
attention,  and  some  observers  hold  their  opinion  in  re- 
serve, but  Marey  regards  it  as  the  end  of  the  systolic 
phase,  which  in  b  is  shown  by  a  dotted  line.  The  de- 
scending portion  of  the  line  corresponds  to  the  diastolic 
phase  of  the  pulse  \  it  expresses,  by  its  more  or  less  rapid 
fall,  the  greater  or  less  rapidity  with  which  the  blood 
flows  from  or  out  of  the  arteries.  The  commencement 
of  this  is  marked  by  the  dicrotic  elevation  or  wave  of  re- 
bound which  is  never  absent  when  the  semilunar  valves 
are  perfect,  though  its  amplitude  varies  greatly.  The 
number  of  subsequent  waves  increases  with  a  rare 
pulse  and  high  arterial  tension,  but  they  are  sup- 
pressed with  the  entrance  of  a  fresh  wave  from  the 
heart.  Fig.  18  exhibits  three  sphygmographic  tracings 
of  the  pulse.  When  the  heart  discharges  its  blood 
into  the  arteries  briskly  the  line  of  ascent  is  nearly 
vertical,  for  the  recording  cylinder  of  the  sphygmo- 
graph  has  had  but  little  time  to  move  before  the 
artery  has  attained  its  greatest  tension.  When  the 
blood  enters  more  slowly  the  line  of  ascent  is  oblique, 
for  the  cylinder  has  had  time  to  move  before  the 
period  of  greatest  tension  has  arrived.  The  line  may 
still  be  oblique  if,  by  reason  of  the  facility  with  which 
the  blood  escapes  from  the  arteries  into  the  capillaries, 
some  time  elapses  before  the  arteries  become  quite 
distended.  The  ascending  line  may  present  an  un-. 
dulatlon,  named  the  anacrotic  wave,  in  cases  of 
insufficiency  of  the  aortic  valves,  and  in  cases  of  tJie 
atheromatous  arteries  of  advancing  age,  in  which  the 
elasticity  of  the  wall  is  diminished,  so  that  it  reaches 
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its  limit  before  the  systole  is  completed,  and  the  heart 
drives  out  the  last  portion  of  its  contained  blood  with 
a  protracted  effort.  It  has  also  been  observed  by 
Landois  in  cases  of  typhoid  fever,  and  is  explained 
by  him  as  the  result  of  a  peculiar  rhythm  of  the 
cardiac  contraction,  every  second  beat  following  the 
preceding  one  so  rapidly  that  the  elasticity  of  the 
arteries  has  not  had  time  to  come  fully  into  play. 

The  summit  of  the  curve  indicates  the  period  of 
greatest  tension  of  the  arterial  wall,  and  if  flattened 
or  rounded  shows  that  the  ventricle  finds  it  difficult,- 


Fig.  18.— Thjree  ^pliygiaographic  Tracings. of  different  form. .  Ip.  .paoh 
the  period  of  Ventricular  systole  is  marked  by  vertical  lines.. 


and  labours  long,  to  expel  its  contents,  whilst  the 
opposite  obtains  when  the  summit  is  sharp  and 
pointed. 

The  descending  line  \nd\Qdi,tQB  the  diminution  of 
arterial  tension,  the  period  of  systole  or  diminutibii 
of  calibre  of  the  arteries,  and  the  escape  of  the  blood 
from  these  vessels  into  the  capillaries.  Its  <jhief  fea- 
ture is  the  secondary  rise,  or  dicrotic  wave.  That  this 
is  a  genuine  wave,  and  is  not  due  to  any  vibration  or 
imperfection  in  the  instrument,  is  shown  by  the  fact 
that  it  is  distinctly  marked  in  a  "hsemautograph,"* 
which  is  a  tracing  obtained  by  receiving  the  stream  of 
blood  issuing  from  a  divided  artery  directly  on  the 
recording  surface  of  a  revolving  drum. 

Cause  of  the  dicrotic  wave.— When  the  sys- 
tole of  the  heart  is  completed,  and  the  ventricle  has 
*  oXfia,  blood  ;  uvTo?,  self  ;  ypd4)ui,  to  write. 
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})ropelled  the  whole  of  its  blood  into  the  aorta,  the 
primary  pulse-wave  is  propagated  throughout  the 
system  ;  but  instantly  succeeding  to  this,  the  elasticity 
of  the  highly  elastic  aorta,  over-distended  with  the 
blood  just  driven  into  it,  begins  to  act,  and  tends  to 
force  the  blood  both  forwards  and  backwards ;  but  the 
backward  movement  is  promptly  stopped  by  the 
closure  of  the  sigmoid  valves,  and  a  rebound  of  the 
blood  takes  place  from  them  analogous  to  the  shock 
which  is  felt  when  a  tap  through  which  water  is 
running  is  suddenly  turned.  This  shock  is  shown  by 
the  dicrotic  rise  in  the  descending^line  of  the  sphygmo- 
graphic  curve.  If  the  semilunar  valves  are  held  back, 
it  vanishes.  It  is  rendered  more  prominent  by  the 
sudden  entrance  into  the  aorta  of  the  ventricular 
wave,  by  the  small  volume  of  this  wave,  and  by  feeble 
arterial  tension.  The  conditions  under  which  several 
secondary  waves  (poly erotism)  may  be  observed  are 
when  the  pulse  is  slow  and  the  arterial  tension  is  high. 

The  time  occupied  by  the  pulse- wave  in  traversing 
its  own  length  is  equal  to  the  duration  of  the  exciting 
cause,  which  is  the  contraction  of  the  systole  of  the 
ventricle,  and  which  is  known  to  occupy  about  of  a 
second.  The  length  of  the  wave,  supposing  it  to 
move  at  the  rate  of  6  metres  per  second,  would  be 
6  -r  3  =  2  metres.  But  the  distance  from  the  heart  to 
the  most  distant  capillaries  is  never  equal  to  2  metres  ; 
the  whole  of  one  wave,  therefore  (from  one  crest,  that 
is  to  say,  to  the  next),  is  never  in  the  arteries  at  any 
one  moment. 

The  volume  and  strength  of  the  pulse  depend  on 
the  force  of  the  cardiac  beats,  the  quantity  of  the 
blood,  the  degree  of  arterial  tension,  and  the  greater 
or  lesser  elasticity  of  the  arterial  walls.  Cceteris 
paribus,  if  the  heart  beats  strongly  the  pulse  is  large 
and  full,  as  in  a  healthy  man  after  moderate  exercise. 
In  certain  inflammatory  affections,  on  the  other  hand, 
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as  in  peritonitis,  the  action  of  the  heart  is  depressed 
and  the  pulse  becomes  small  and  weak.  In  old 
people  the  arteries  become  rigid,  their  elasticity 
quickly  reaches  its  maximum,  and  the  heart  is  feebler 
than  in  youth.  Hence,  the  pulse  is  sharp  and  com- 
paratively weak  ;  yet,  because  the  firm  walls  of  the 
vessels  are  not  easily  compressed,  it  is  hard.  A  cold 
bath,  by  driving  much  blood  from  the  capillaries  of 
the  skin  into  the  rest  of  the  system,  by  contracting 
the  arterioles,  which  increases  peripheral  resistance, 
and  by  cooling  the  blood,  which  depresses  the  action 
of  the  heart,  augments  arterial  tension  and  renders 
the  pulse  small  and  hard ;  whilst  a  warm  bath,  by 
relaxing  the  smaller  vessels,  and  thus  facilitating  the 
passage  of  blood  from  the  arteries  into  the  capillaries, 
lowers  the  arterial  tension  and  makes  the  pulse  full 
and  soft.  Mere  alteration  in  the  position  of  a  limb 
will  even  cause  a  difference  in  the  character  of  the 
pulse  in  it.  Thus,  if  the  arm  be  raised  the  pulse 
becomes  more  distinct,  and  the  amplitude  of  the 
sphygmographic  tracing  is  greater,  because  arterial 
tension  is  diminished  ;  whilst  if  the  arm  be  lowered 
the  pulse  tracing  becomes  almost  a  continuous  straight 
line,  with  but  trifling  elevations  and  depressions, 
because  the  tension  is  increased.  Lastly,  haemorrhage, 
before  the  heart  is  exhausted,  greatly  increases  the 
amplitude  of  the  sphygmographic  tracing  by  lowering 
arterial  tension. 

Duration  of  one  complete  circuit  of  the 
blood. — There  is  evidence  to  show  that  when  a  salt, 
such  as  ferrocyanide  of  potassium,  is  introduced  into 
one  jugular  in  the  dog,  it  reappears  in  the  opposite 
jugular  in  the  course  of  twenty  to  thirty  seconds. 
During  this  period  it  must  have  travelled  to  the 
right  heart,  have  been  transmitted  through  the  lungs, 
returned  to  the  left  heart,  circulated  through  the 
systemic  arteries,  capillaries,  and  veins  of  the  head 
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neck,  and  upper  extremities,  and  must  be  on  its  way 
again  to  the  right  heart. 

Movement  of  the  blood  in  the  capillaries.— 

The  circulation  in  the  capillaries  may  be  seen  in  the 
web  of  the  frog's  foot,  in  the  tongue  of  the  frog,  and  in 
the  mesentery  of  various  small  warm-blooded  animals 
placed,  with  suitable  precautions  against  desiccation, 
under  the  microscope.  In  the  smallest  capillaries  the 
blood  corpuscles  may  be  seen  moving  in  single  file, 
separated  from  the  wall  of  the  vessel  by  only  a  very 
thin  layer  of  fluid.  Some  pursue  a  straight  course, 
others  enter  some  of  the  numerous  lateral  and  anasto- 
mosing channels  that  exist  between  the  capillaries. 
At  the  point  of  bifurcation  of  the  vessel  the  corpuscles 
sometimes  hang  poised,  as  it  were,  for  a  moment,  and 
then  press  on  to  right  or  left.  Certain  capillaries 
become  smaller  as  they  are  watched,  others  increase 
in  size  in  accordance  with  variations  in  the  size  of  the 
small  arteries  leading  to  them.  The  constriction  and 
diminution  of  the  lumen  is  produced  by  the  cells  com- 
posing the  wall  of  the  vessel  becoming  thicker,  and 
thus  encroaching  upon  the  cavity.  In  the  larger 
capillaries,  where  two  or  three  files  of  corpuscles  have 
room  to  move  abreast,  the  comparatively  heavy  red 
corpuscles  will  be  seen  to  occupy  the  middle  of  the 
stream,  whilst  the  relatively  light  white  corpuscles 
roll  more  slowly  along  in  the  lateral  and  slower 
current  of  the  liquor  sanguinis.  It  has  been  found, 
by  experiment,  that  the  difference  in  their  specific 
gravity  leads  to  this  difference  in  their  position  ;  for 
when  a  fluid  containing  particles  of  different  densities 
is  propelled  through  capillary  tubes,  the  heavier  par- 
ticles move  with  the  greatest  velocity  and  occupy  the 
centre  of  the  stream,  whilst  the  lighter  particles  move 
in  the  peripheral  portions  of  the  stream  and  have  a 
slower  motion.  The  motion  of  the  blood  in  the 
capillaries  is  uniform,  and  the  flow  continuous,  no  trace 
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of  the  pulsation  visible  in  the  larger  arteries,  except 
in  very  peculiar  circumstances,  being  perceptible. 
The  pulsation  has,  in  fact^  been  extinguished  by  the 
elasticity  of  the  arteries,  and  by  the  wider  area  formed 
by  capillaries  as  compared  with  the  arteries.  The 
pressure  of  the  blood  in  the  capillaries,  determined  by 
the  indirect  method  of  ascertaining  what  pressure  will 
empty  the  capillaries  beneath  the  finger-nail,  has  been 
found  to  vary,  according  to  the  elevation  of  the  arm, 
from  one-fifth  to  one-half  of  the  ordinary  arterial 
pressure. 

Automatic  contraction  of  tlie  smaller 
vessels  and  capillaries.— The  capillaries  appear 
to  undergo  periodic  changes  of  diameter,  admitting 
now  a  larger,  now  a  smaller  volume  of  blood,  quite 
independently  both  of  the  beats  of  the  heart  and 
the  acts  of  respiration.  These  changes  are  probably 
chiefly  due  to  alternate  contractions  and  relaxations 
of  the  smaller  arteries  dependent  on  the  unstriated 
muscular  tissue  contained  in  their  walls ;  but  since 
both  medullated  and  non-medullated  nerve  fibres  are 
distributed  on  the  larger  capillaries,  it  is  probable  that 
they  also  possess  a  contractile  power.  In  cases  of  dis- 
ease of  the  aortic  valve,  when  blood  regurgitates  into 
the  left  ventricle,  and  where  consequently  the  arterial 
tension  is  low,  the  rhythmic  variation  in  diameter  of 
the  capillaries  can  easily  be  demonstrated  ;  fot  if,  in 
such  cases,  the  finger-nail  be  drawn  once  or  twice  up 
and  down  the  forehead,  a  red  streak  is  left  which  lasts 
for  some  minutes,  and  it  is  then  seen  that  the  streak 
varies  in  width  and  brightness,  not  only  with  the 
beats  of  the  heart,  and  with. the  respiratory  acts,  but 
with  another  rhythm  which  occurs  about  three  times 
per  minute.  The  proportion  of  the  three  rhythms 
would,  therefore,  be :  automatic  rhythm,  3 ;  respiratory 
rhythm,  18;  cardiac  rhythm,  72  per  minute  (Brun- 
ton). 
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Diapedesiis. — In  certain  circumstances  both 
white  and  red  corpuscles  may  escape  from  the  vessels, 
and  pass  or  wander  into  the  adjoining  lymphatics. 
The  escape  of  white  corpuscles  appears  to  occur  nor- 
mally, owing  to  their  amoeboid  movement,  whilst  the 
escape  of  the  red  only  occurs  when  the  pressure  of 
the  blood  against  the  walls  of  the  capillaries  is  much 
increased,  or  when  there  is  retardation  of  the  blood 
current,  as  in  inflammation.  In  the  case  of  the  white 
corpuscles  the  attraction  between  the  corpuscle  and 
the  capillary  wall  seems  to  be  increased,  the  corpuscle 
begins  to  bore  its  way  through  the  wall,  perhaps  at 
the  points  where  three  cells  meet,  assumes  an  hour- 
glass form,  part  being  within  and  part  without  the 
lumen  of  the  vessel,  and  it  finally  escapes  altogether 
into  the  adjoining  tissues. 

l^ovement  of  the  blood  in  the  veins.— 
The  current  of  the  blood  in  the  veins  is  formed  by  the 
union  of  the  currents  from  thousands  of  capillaries, 
which,  now  running  in  wider  channels,  move  more 
rapidly  because  the  friction  is  reduced.  The  current 
is  uniform,  and  free  from  the  pulsation  observed  in 
arteries.  The  only  exceptions  to  this  are  the  pulsa- 
tions in  the  larger  veins  of  the  neck,  due  to  rhythmical 
obstruction  of  blood  in  them  during  the  systole  of 
the  right  auricle,  and  the  pulsations  observed  when 
the  capillaries  are  greatly  dilated  and  allow  of  an 
extraordinarily  free  current  of  blood  through  them. 
The  heart  is  still  the  main  driving  force,  but  it  is 
assisted 

(1)  By  the  aspiration  to  the  chest  occasioned  by 
the  negative  pressure  or  tendency  to  a  vacuum  which 
is  there  present,  and  which  is  clearly  and  sometimes 
fatally  shown  by  the  rush  of  air  towards  the  heart 
when  one  of  the  veins  is  opened. 

(2)  By  the  suction  power  exerted  by  the  heart 
during  diastole. 
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(3)  By  movements  of  the  voluntary  muscles, 
which,  pressing  on  veins  provided  with  valves,  favour 
the  onward  movement  of  the  blood,  its  regress  being 
prevented  by  the  valves, 

(4)  By  position  of  the  limbs,  which  act  in  a 
similar  manner.  Thus  Braune  saw  the  veins  beneath 
Poupart's  ligament  collapse  and  the  pressure  become 
negative  when  the  thigh  was  rolled  outwards ;  but 
fill,  and  the  pressure  become  positive,  when  the  limb 
was  placed  in  its  former  position. 

(5)  By  gravity,  which  acts,  not  primarily  on  the 
movement  of  the  blood,  but  upon  its  distribution,  and 
therefore  secondarily  upon  its  movement. 

The  pressure  of  the  blood  against  the  walls  of  the 
veins  is  everywhere  low,  and  gradually  diminishes 
from  the  smaller  to  the  larger  veins.  In  the  brachial 
vein  it  will  support  a  column  of  mercury  9  mm.  high, 
but  in  the  larger  veins  at  the  root  of  the  neck  the 
pressure  is  negative.  It  varies  from  —2  to  —  3  mm. 
synchronously  with  the  heart's  action,  being  of  course 
increased  during  the  systole  of  the  heart,  when  its  flow 
into  the  auricle  is  temporarily  arrested,  and  from  +  5 
to  —  8  mm.  with  the  respiratory  acts,  being  increased 
during  expiration. 

Automatic  contractioo  of  the  veins. — The 
veins,  even  when  of  large  size,  as  the  pulmonary  vein 
and  the  vena  cava,  pulsate  rhythmically,  indepen- 
dently of  the  heart's  action.  Luchsinger  found  that 
when  artificial  circulation  was  maintained  in  the  wing 
of  the  bat,  distinct  pulsation  could  be  observed  in  the 
veins  twenty  hours  after  death ;  and,  therefore,  long 
after  the  functional  action  of  the  nervous  system  was 
lost.  If  the  pressure  of  blood  was  allowed  to  sink  to 
zero,  the  pulsation  stopped  ;  but  recommenced  when 
the  pressure  was  raised  to  40  centimetres  of  water. 

Distribution  of  the  blood* — In  the  living 
rabbit,  when  at  rest,  the  experiments  of  Banke  seem 
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to  show  that  the  whole  mass  of  blood  may  be  divided 
into  four  parts,  of  which  one  part  is  contained  in  the 
muscles,  one  in  the  liver,  one  in  the  heart  and  great 
vessels,  and  one  in  the  remaining  organs.  Functional 
activity,  however,  causes  an  immediate  increase  in  the 
quantity  of  blood  circulating  through  a  part,  the  aug- 
mentation sometimes  amounting  to  as  much  as  47  per 
cent.,  which  may  be  estimated  by  the  plethysmograph. 
Such  blood  is,  of  course,  taken  away  from  other  parts. 
Hence  during  physical  exercise  the  muscles  are  largely 
supplied  with  blood,  whilst  the  brain  and  digestive 
organs  receive  less,  which  teaches  that  neither  severe 
bodily  nor  mental  exertion  should  be  made  imme- 
diately after  a  meal. 

Means  of  estimating  the  speed  of  the 
bload  current. — The  velocity  with  which  the  blood 
moves  in  the  vessels  has  been  estimated  in  various 
ways.  In  the  first  place  (1)  there  is  the  method 
of  Blake,  just  described,  in  which  the  time  occupied 
in  the  passage  of  a  particular  salt,  as  potassium 
ferrocyanide,  from  one  jugular  to  the  other  is  de- 
termined ;  in  the  horse  it  traverses  the  double  cir- 
culation in  thirty  seconds  :  in  the  rabbit,  in  seven 
seconds.  Professor  Robert  Smith,  has,  however, 
shawn  that  the  nature  of  the  substance  introduced 
into  the  vessels  materially  affects  the  apparent 
time  in  which  the  circulation  is  completed.  Thus, 
when  potassium  ferrocyanide  was  introduced  into  one 
jugular  vein  of  a  dog,  it  appeared  in  one  case  in  the 
opposite  jugular  in  15  seconds,  or  in  16  beats  of  the 
heart;  and  in  another  case  after  only  9 1^  seconds, 
with  fourteen  beats  of  the  heart.  When,  however, 
instead  of  a  diffusible  salt,  some  defibrinated 
pigeon's  blood  was  injected  into  one  jugular, 
the  corpuscles  of  which  are  readily  recognised  by 
their  oval  form  and  by  their  nucleus,  the  circulation 
was  not  found  to  be  completed  under  20  seconds 
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with  55  pulse  beats,  and  in  another  case  under  17 
seconds  with  53  beats.  But  this  only  gives  the  dura- 
tion of  the  circulation  as  a  whole,  and  affords  no 
indication  of  the  time  occupied  by  the  blood  in  pass- 
ing through  any  particular  vessel,  whether  artery, 
capillary,  or  vein.  For  this  purpose  special  instru- 
ments have  been  devised.  In  the  arteries  and  veins 
the  rapidity  of  the  blood  current  may  be  approximately 
determined  :  (2)  By  the  hcemadromometer*  of  Yolk- 
mann,  in  which  by  a  simple  arrangement  the  current 
of  blood  coursing  through  a  tube  of  glass  inserted 
between  the  extremities  of  a  divided  artery  can  be 
suddenly  diverted  into  a  long  bent  tube,  also  made  of 
glass,  and  the  rapidity  of  its  passage  noted.  (3)  By 
Ludwig's  stromuhr,f  in  which  the  time  occupied  in 
filling  a  tube  of  known  capacity  is  measured.  This 
is  the  method  that  is  generally  employed,  and  is 
regarded  as  being  the  most  trustworthy.  Two  pear- 
shaped  glass  vessels,  united  above  by  a  common  neck, 
and  known  when  filled  to  a  certain  mark  to  contain 
a  definite  quantity  of  fluid,  are  inserted  below  into  a 
brass  disk,  which  revolves  air-tight  upon  the  smooth 
surface  of  another  piece  of  brass  to  which  two  tubes 
are  attached.  The  disk  and  plate  are  perforated  in 
such  a  way  that  a  communication  can  be  established 
between  the  tubes  and  the  interior  of  the  glass  vessels. 
One  of  these  tubes  is  placed  in  the  proximal,  the 
other  in  the  peripheral  portion  of  the  divided  artery, 
so  that  the  blood  can  be  made  to  traverse  the  two 
flasks.  The  glass  vessel  connected  with  the  peripheral 
end  of  the  vessel  is  filled  with  defibrinated  blood 
the  other  with  oil.  The  blood  is  admitted,  and 
the  time  it  takes  to  drive  out  the  defibrinated 
blood  is  noted ;  on  reversing  the  plate  the  blood 
may  be  made  to  flow  through  them  in  the  opposite 

*  at/uta,  blood ;  5p6ju.09,  Speed,  course  ;  /xeVpoi/,  measurcj 
t  Strom,  current ;  uhr,  clock. 
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direction,  and  the  time  again  taken.  By  any  of 
these  methods  it  is  seen  that  the  flow  of  blood 
is  continuous,  but  undergoes  great  periodical  accelera- 
tions. It  is  swifter  in  the  large  arteries  than  in  the 
small,  because  the  sectional  area  of  the  small  arteries 
is  much  greater  than  that  of  the  larger ;  the  stream, 
taking  them  collectively,  is  wider,  and  the  friction 
is  greater.  Any  obstacle,  such  as  pressure,  presented 
to  the  passage  of  the  blood  in  an  artery  retards  the 
current  of  blood  in  that  artery,  whilst  it  accelerates 
it  in  the  other  vessels. 

8peed  of  the  blood  current. — The  velocity 
with  which  the  blood  moves  in  the  larger  arteries^  as, 
for  example,  in  the  carotid  artery  of  the  horse,  has  been 
estimated  at  20  inches  per  second  during  the  systole 
of  the  heart,  and  6  inches  during  the  diastole;  in 
the  metatarsal  artery  it  is  about  two  inches  per 
second.  In  the  capillaries  the  velocity  is  about  one- 
fiftieth  of  an  inch  per  second,  and  in  the  veins  about 
eight  inches  per  second. 

The  provisions  for  preventing  death  hy 
bleeding:. — As  the  blood-vessels  form  a  continuous 
system  of  closed  tubes,  it  would  seem  likely  that  if 
any  of  them  were  opened  blood  would  continue  to 
escape  till  death  ensued.  Experience  shows  us,  how- 
ever, that  cuts,  lacerations,  punctured  wounds,  and 
contusions  of  considerable  severity,  are  not  necessarily 
mortal,  and  several  circumstances  aid  in  controlling 
and  arresting  the  haemorrhage.  These  are  contraction 
and  retraction  of  the  coats  of  the  vessels,  coagulation 
of  the  blood,  and  failing  action  of  the  heart  inducing 
faintness.  The  contraction  of  the  walls  of  the  vessels 
is  effected  chiefly  by  th6  circular  muscular  fibres  they 
contain,  which,  directly  stimulated  by  the  injury, 
diminish  their  calibre,  and  may  'per  se  altogether 
arrest  the  flow.  The  retraction  is  effected  partly  by 
the  contraction  of  the  longitudinal  muscular  fibres, 
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but  chiefly  by  the  elastic  tissue  of  the  arterial  tunics. 
The  tunica  intima  in  particular  is  found  to  curl  back, 
and,  by  occluding  the  opening,  to  greatly  aid  in 
preventing  the  escape  of  blood.  The  withdrawal  of 
the  mouth  of  the  vessel  from  the  wound  into  the 
connective  tissue  by  which  the  vessel  is  surrounded 
acts  favourably  in  promoting  the  coagulation  of  the 
blood.  Lastly,  pain,  fear,  and  indeed  the  mere  sight 
of  blood  in  most  people  occasions  faintness,  the  heart 
beating  with  great  feebleness,  whilst  the  whole 
arterial  system  contracts,  £is  is  indicated  by  the 
pallor  of  the  surface,  and  time  is  thus  given  for  the 
formation  of  a  clot,  and  the  more  perfect  occlusion  of 
the  patent  mouths  of  the  cut  vessels.  In  the  case  of 
the  veins  the  valves  materially  assist  in  preventing 
any  large  escape  of  blood.  In  the  case  of  sub- 
cutaneous haemorrhage,  such  as  occurs  from  contu- 
sions and  the  bursting  of  blood-vessels  into  confined 
spaces,  such  as  the  cranial  cavity,  the  tunica  vaginalis, 
or  a  joint,  bleeding  ceases  in  part  owing  to  the 
pressure  of  the  effused  blood  itself  on  the  walls  of 
the  ruptured  vessels,  and  upon  the  adjoining  tissue. 
The  scientific  methods  for  arrest  of  haemorrhage  are 
placing  the  part  in  an  elevated  position,  and  thus 
taking  advantage  of  the  force  of  gravity;  pressure  at 
the  seat  of  injury ;  pressure  or  ligature  applied  to 
the  vessels  leading  to  the  seat  of  injury ;  various 
agents  acting  as  styptics,  either  locally  or  generally, 
such,  for  example,  as  cold,  heat,  perchloride  of  iron, 
and  ergot,  and  the  administration  of  remedies  that, 
like  tartar  emetiCj  lower  the  action  of  the  heart. 

Transfusion  of  blood. — When  much  blood  is  lost 
from  the  body  the  heart  beats  with  great  frequency 
owing  to  the  diminution  of  the  blood  pressure,  and 
very  feebly  owing  to  the  insufficient  supply  of  blood 
to  the  nerve  centres  and  to  its  own  muscular  sub- 
stance ;  and  when  the  quantity  is  reduced  below  a 
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certain  point,  convulsions  take  place.  The  occurrence 
of  convulsions  is  the  precursor  of  death,  and  life  can 
then  only  be  preserved  by  transfusion.  The  blood 
transfused  should  be  withdrawn  from  an  animal  of 
the  same  species,  and  may  be  practised  in  cases  of 
emergency  with  the  simplest  means,  a  lancet  and  a 
syringe,  though  where  time  is  of  no  consequence 
many  precautions  should  be  taken.  The  blood 
should  be  withdrawn  from  a  healthy  man  to  the 
extent  of  half  a  pint  or  more ;  it  may  be  whipped  to 
defibrinate  it ;  and  it  should  be  kept  warm  ;  one  of 
the  veins  of  the  arm  being  opened,  it  may  be  injected 
slowly  by  means  of  the  syringe.  The  introduction  of 
any  bubbles  of  air  should  be  carefully  avoided,  since 
on  reaching  the  heart  they  are  churned  into  foam, 
which  will  not  traverse  the  pulmonary  vessels. 
Operations  at  the  base  of  the  neck  are  especially 
dangerous,  owing  to  the  liability  of  the  entrance  of 
air  into  an  opened  or  wounded  vein.  Kronecker  has 
lately  revived  dogs  which  had  been  bled  to  death  by 
injecting  a  kind  of  artificial  serum  made  of  water,  to 
which  a  little  salt  had  been  added  ;  and  frogs,  it  is 
well  known,  may  be  kept  alive  for  a  long  time  after 
their  blood  has  been  wholly  replaced  by  a  normal 
saline  solution. 

Peculiarities  of  the  circulation  in  diflferent 
reg^ions. 

(1)  The  lungs.  —  The  pulmonary  circulation  is 
peculiar  in  having  its  arteries  straight,  short,  and 
without  anastomoses ;  its  capillaries,  unlike  those  of 
the  system  generally,  always  under  negative  pressure, 
which  varies  according  to  the  diflferent  phases  of  the 
respiratory  acts  j  and  its  veins  destitute  of  valves.  In 
inspiration  the  mean  blood  pressure  diminishes  in^all 
tJje  parts  contained  in  the  thorax,  heart,  aiid  large 
vessels.  This  diminution  of  •  pressure  farvours  the 
current  of  blood  in  the  vense  cayee,  right  auricle^  and 
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right  ventricle,  whilst  it  is  opposed  to  the  discharge 
of  the  arterial  blood  from  the  left  ventricle  through 
the  aorta.  The  extensibility  of  the  vense  cavse  is, 
however,  much  greater  than  that  of  the  aorta,  which 
is  comparatively  a  rigid  tube ;  hence  the  venous 
current  is  favoured,  whilst  the  arterial  current  is  but 
little  interfered  with.  Expiration  exerts  an  opposite 
influence.  Pressure  increases  in  the  veins  and  in 
the  arteries.  The  capacity  of  these  vessels,  and 
especially  of  the  large  intrathoracic  vessels,  diminishes ; 
the  arterial  circulation  is  favoured  whilst  the  venous 
circulation  is  rendered  slower,  and  the  heart  receives 
less  blood. 

(2)  The  brain. — The  four  large  arteries  supplying 
the  brain  with  blood,  namely,  the  two  internal  carotids 
and  the  two  vertebrals,  anastomose  with  extraor- 
dinary freedom,  so  that  a  ligature  applied  to  one  of 
them  does  not  materially  interfere  with  the  nutrition 
of  that  portion  of  the  brain  which  ordinarily  receives 
its  supply  of  blood  from  it.  The  capillaries  are  very 
minute,  and  in  the  pia  mater  have  a  special  lym- 
phatic sheath.  The  veins  discharge  their  contents  into 
vessels  named  sinuses,  and  in  a  direction  opposite  to 
that  in  which  the  blood  is  flowing  in  the  sinuses. 
The  sinuses  possess  tough,  inelastic  walls,  which  do 
not  yield  to  internal  pressure.  The  ventricles  and  the 
subarachnoid  space  contain  fluid,  the  cerebrospinal 
fluid,  which,  on  the  one  hand,  affords  hydrostatic  sup- 
port to  the  contents  of  the  cranium  and  spinal  canal, 
and,  on  the  other,  permits  of  variation  in  the  quantity 
of  blood  circulating  through  the  central  nervous 
system.  The  skull,  being  a  closed  cavity,  retains  a 
considerable  quantity  of  blood,  even  when,  from 
haemorrhage,  other  parts  of  the  body  are  bloodless. 

(3)  The  liver. — The  peculiarity  of  the  circulation 
in  the  liver  is  that  its  main  supply  of  food  is  obtained, 
not  from  an  artery,  but  from  a  vein,  the  vena  portae, 

H— 5 


98 


Human  Physiology,  [Chap.v. 


which  receives  the  blood  returning  from  the  alimentary 
canal  and  its  appendages,  and  forms  a  minute  plexus 
of  capillaries  in  the  lobules,  where  it  is  joined  by 
the  capillaries  of  the  hepatic  artery,  which  convey 
oxygenated  blood  to  the  tissue  of  the  organ.  The 
hepatic  veins  arise  from  the  plexus  into  which 
the  portal  vein  has  divided,  and  conduct  the  blood 
which  has  circulated  through  the  liver,  to  the  vena 
cava  inferior.  The  blood  of  the  mesenteric,  splenic, 
gastric,  and  other  visceral  arteries,  passes  therefore 
through  two  series  of  capillaries  before  reaching  the 
hepatic  veins,  one  in  the  walls  of  the  intestines  and 
in  the  substance  of  the  spleen,  and  one  in  the  liver. 
The  circulation  in  the  liver  is  necessarily  slow.  The 
blood  traversing  its  vessels  certainly  contains  much 
new  material,  directly  absorbed  from  the  alimentary 
canal,  and  it  is  probable  that  this  undergoes  im- 
portant assimilative  changes  in  its  course  through  the 
liver. 

(4)  The  erectile  tissues. — These  tissues  are  remark- 
able for  the  great  variations  in  bulk  they  present, 
owing  to  changes  in  the  supply  of  blood  to  them,  and 
to  the  retention  of  the  blood  in  their  substance,  which 
is  effected  in  part  by  the  relaxation  of  the  muscular 
tissue  of  these  arteries,  and  in  part  by  muscular 
pressure  on  the  veins  returning  the  blood,  thus  leading 
to  distension  of  large  venous  sinuses  in  the  substance 
of  the  cavernous  tissue  of  which  they  are  chiefly 
composed. 

The  evidences  of  the  circulation.— Harvey 
was  the  first  to  demonstrate  the  circulation  of  the 
blood,  resting  his  proof  on  the  structural  characters 
presented  by  the  heart  and  blood-vessels.  It  remained 
for  Malpighi  to  show  the  minute  connecting  vessels, 
named  capillaries,  between  the  arteries  and  veins,  and 
the  current  of  blood  that  traverses  them.  The  chief 
evidences  of  the  circulation  are  : 
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1.  The  rhythmical  action  of  the  heart,  taken  into 
consideration  with  the  arrangement  and  action  of  its 
valves.  The  heart  at  each  beat  contracts,  and  may 
be  seen  (when  exposed  by  removal  of  the  chest  walls, 
or  in  malformation  in  a  living  animal),  after  becoming 
distended,  to  diminish  in  size,  become  paler,  and  to 
drive  the  blood  out  of  its  cavities.  It  is  possible  that 
the  effect  of  this  action  might  only  be  to  cause  a  to- 
and-fro  movement  of  the  blood,  that  the  heart  might 
suck  in  at  its  arterial  and  venous  extremities,  during 
the  interval  of  contraction,  the  blood  that  it  forced 
out  the  next  moment  in  contraction  ;  and  this  is  par- 
tially true  in  the  case  of  the  first  chamber  of  the  heart, 
the  right  auricle,  and  might  also  be  true  of  the  left 
auricle,  for  whilst  each  of  these  in  contracting  drives 
part  of  the  blood  it  contains  onwards  into  the  corre- 
sponding ventricle,  a  small  portion  may  also  regurgi- 
tate, in  the  case  of  the  right  auricle  into  the  great  veins 
of  the  neck,  as  the  jugular  and  subclavian,  and  in  the 
case  of  the  left  auricle  towards  the  lungs.  When  the 
blood,  however,  has  entered  the  ventricles,  and  the 
walls  of  their  cavities  contract,  its  backward  flow  is 
effectually  prevented  by  the  closure  of  the  auriculo- 
ventricular  valves  ;  and  in  like  manner  when  the 
contraction  of  the  ventricles  has  forced  the  blood  they 
contain  into  the  large  arteries,  the  return  of  this 
fluid  is  arrested  by  the  semilunar  valves  situated  at 
their  origin.  But  since  the  blood  enters  the  vessels 
in  successive  jets  and  none  returns,  it  is  evident  that 
the  blood  must  be  driven  forward  till  it  can  re-enter 
the  heart  at  some  point  behind  the  valves,  that  is,  by 
the  great  veins,  and  hence  must  circulate. 

2.  Granting  that  the  cardiac  valves  act,  and  that 
a  certain  quantity  of  blood  is  discharged  from  the 
ventricles  at  each  systole  of  the  heart,  a  circulation 
must  exist,  since  more  blood  traverses  the  heart  in 
half  an  hour  than  is  contained  in  the  whole  body, 
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whilst  nothing  like  this  quantity  of  fluid  is  discharged 
from  the  body  by  the  skin  and  lungs  and  kidneys 
taken  together. 

3.  The  presence  of  valves  in  the  veins  constitutes 
an  additional  link  in  the  chain  of  evidence,  both  on 
account  of  their  position  and  arrangement.  These 
valves  all  point  with  their  free  edges  towards  the  heart ; 
they  therefore  prevent  any  backward  movement  of 
the  blood  flowing  through  the  veins.  Such  valves  are 
almost  exclusively  found  where  the  veins  are  subject 
to  the  pressure  of  surrounding  or  immediately  ad- 
jacent muscles.  When  such  muscles  contract,  the 
veins  are  compressed,  and  the  column  of  blood  they 
contain,  were  it  stationary,  would  be  urged  in  opposite 
directions,  and  their  cavities  emptied  ;  but  the  pre- 
sence of  the  valves  prevents  the  backward  flow,  and 
aids  the  movement  in  the  direction  towards  the  heart. 

4.  Evidence  of  the  circulation  may  be  derived 
from  observing  the  effects  of  ligature  or  pressure  on 
arteries  and  veins  respectively.  If  firm  pressure  or  a 
ligature  be  applied  to  an  artery,  the  proximal  part,  or 
that  part  above  the  ligature  or  nearest  to  the  hearty 
remains  distended  with  blood,  while  the  distal  part, 
or  part  beyond  the  ligature,  remains  empty  and 
flaccid  until  the  collateral  circulation  is  established. 
If  the  proximal  segment  be  pricked,  the  blood  flows  in 
jets,  corresponding  to  the  beats  of  the  heart ;  but  if 
the  distal  segment  be  opened,  the  blood  flows  slowly, 
feebly,  and  with  little  or  no  jetting  movement. 

If  firm  pressure  or  a  ligature  be  applied  to  a  vein, 
the  distal  segment  becomes  distended  with  blood, 
whilst  the  proximal  segment,  though  still  containing 
blood,  is  relatively  flaccid  ;  and  if  the  blood  it  con- 
tains be  pressed  up  above  a  valve,  the  part  between 
the  ligature  and  the  valve  long  remains  empty,  only 
gradually  filling  by  means  of  the  small  veins  that 
may  happen  to  open  into  it. 
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5.  The  presence  of  corpuscles  in  the  blood  enables 
the  movement  of  this  fluid  to  be  followed  in  the 
minute  vessels  named  capillaries,  in  transparent  parts 
such  as  the  tongue  of  the  frog,  the  web  of  its  foot,  or 
in  the  tail  of  the  tadpole,  or  in  the  mesentery  of  one 
of  the  higher  animals,  which  by  suitable  arrangements 
can  in  the  living  animal  be  placed  under  the  micro- 
scope. And  it  may  then  be  seen  that  it  pursues  a 
constant  direction,  its  course  being  always  from  the 
arteries  through  the  capillaries  into  the  veins.  Liga- 
ture of  the  main  artery  or  vein  of  the  limb  temporarily 
arrests  the  flow,  though  it  recommences  as  soon  as 
the  collateral  circulation  is  established. 

6.  Evidence  of  the  circulation  of  the  blood  is 
derived  from  the  rapid  appearance  of  substances, 
recognisable  by  chemical  tests,  in  parts  of  the  body 
remote  from  that  at  which  they  have  been  introduced. 
Thus,  a  salt  of  baryta  introduced  into  the  femoral 
vein  may  be  shown  to  be  present  in  the  jugular  vein 
of  the  opposite  side  in  a  few  seconds,  long  before  it 
could  have  reached  this  position  by  mere  diffusion ;  and 
the  more  vigorous  and  active  the  circulation,  the  more 
quickly  can  the  salt  be  recognised.  The  action  of 
poisons  points  in  the  same  direction. 

7.  When  an  artery  is  divided,  the  blood  flows 
freely  in  jets  from  the  proximal  extremity,  but  only 
feebly  and  slowly  from  the  distal  opening.  On  the 
contrary,  when  a  vein  is  divided,  blood  flows  freely 
and  continuously  from  the  distal  orifice,  but  after  the 
discharge  of  that  which  occupies  the  space  between 
the  proximal  opening  and  the  nearest  valve,  the  escape 
from  the  proximal  opening  is  almost  wholly  arrested. 
The  mere  spurting  of  the  blood  at  each  systole  of  the 
heart  from  a  divided  artery  is  not  in  itself  sufficient 
evidence  of  the  circulation,  since  it  might  occur  in  a 
system  of  tubes  into  which  fluid  was  intermittingly 
pumped. 
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8.  Subsidiary  evidence  is  supplied  by  the  relative 
thickness  and  strength  of  the  right  and  left  ventricle 
in  accordance  with  the  work  they  have  to  perform  in 
driving  the  blood  through  the  greater  and  lesser  cir- 
culations respectively. 

9.  The  conclusion  that  a  circulation  exists  may 
also  be  drawn  from  the  consideration  that  the  various 
tissues  of  the  body  undergo  perpetual  waste  and  re- 
quire renewal  in  the  performance  of  the  various  acts 
of  life,  and  that  some  kind  of  circulation  similar  to 
that  pointed  to  by  other  evidence  is  required  in  order 
that  the  new  material  should  reach  the  tissues  and 
the  waste  products  be  carried  away. 

Mode  of  healing  of  wounds. — The  exceptions  to 
the  rule  that,  in  passing  through  life,  cuts,  wounds, 
and  bruises  are  received,  are  so  rare  that  recovery 
from  such  injuries  is  regarded  as  a  matter  of  course, 
and  it  may  easily  be  shown  that  provisions  for  re- 
pair are  normally  present,  so  that  the  process  itself 
may  truly  be  regarded  as  one  of  a  physiological 
nature.  It  has  been  carefully  examined  by  many 
pathologists,  and  it  may  be  said  that  the  broad  facts 
are  now  well  known.  A  clean  cut  through  the  skin 
with  a  sharp  instrument,  if  the  edges  are  brought 
together  and  kept  in  apposition,  rapidly  heals,  the 
parts  adhering  and  soon  becoming  firmly  glued 
together.  The  escape  of  blood  may  be  very  small ; 
but  blood,  speaking  generally,  must  be  regarded  as  a 
foreign  body,  and  by  its  presence  interferes  with  and 
protracts  the  healing  of  wounds.  When  wounds  are 
exposed  to  the  air,  a  thin  layer  of  lymph,  probably 
derived  essentially  from  the  divided  lymphatics,  forms 
on  the  surface  and  soon  hardens  into  a  greyish  crust. 
If  a  section  be  made  through  this  crust  and  the  adjoin- 
ing tissue,  it  will  be  found  that  the  crust  is  composed 
at  first  of  a  semifluid  or  gelatinous  substance,  having 
a  large  number  of  small,  irregularly-shaped  corpuscles, 
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resembling  those  of  the  lymph  embedded  in  it.  These 
corpuscles  are  probably  those  of  the  lymph,  but  very 
soon  after  this  layer  is  effused  its  corpuscles  become 
granular  and  undergo  fatty  degeneration,  and  they,, 
together  with  the  albuminous  fluid  in  which  they  lie, 
are  to  a  greater  or  less  extent  absorbed.  Examination 
of  the  adjoining  tissue,  in  the  course  of  forty-eight 
hours  after  the  infliction  of  the  wound,  shows  that  it 
also  is  infiltrated  with  corpuscles  ;  but  these  are  larger 
and  multinucleated,  and  appear  to  have  a  diflerent 
origin  from  those  contained  in  the  layer  of  plasma 
exuded  on  the  surface  of  the  wound.  They  are  be- 
lieved to  proceed  from  the  proliferation  of  leucocytes 
or  of  endothelial  cells,  which  everywhere  line  the 
lymphatic  spaces  and  serous  membranes.  The  new  cells 
become  elongated  and  fusiform,  and  the  protoplasm 
of  each  cell  becomes  converted  into  a  fibrilla  of  fibrous 
tissue,  whilst  the  nuclei  remain  in  situ  as  the  con- 
nective tissue  corpuscles.  Thus  the  fibrous  part  of 
the  cicatrix  is  formed.  Some  tissues,  like  muscle, 
appear  to  be  incapable  of  regeneration  when  divided, 
and  union  always  takes  place  in  them  by  connective 
tissue.  In  nerves,  on  the  other  hand,  though 
apparently  equally  highly  organised,  perfect  restora- 
tion  of  structure  and  function  may  occur. 
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CHAPTER  YI. 

RESPIRATION. 

Object  and  nature  of  respiration,— The  object 
of  respiration  is  the  introduction  of  oxygen  into  the 
system,  which  is  accomplished  by  the  exposure  of  the 
blood  in  an  extremely  thin  layer  in  the  lungs  to  a 
current  of  atmospheric  air.  Coincidentally,  and  as  a 
secondary  process,  carbonic  acid  gas,  with  which  the 
blood  coming  to  the  lungs  is  charged,  is  eliminated. 
The  surface  presented  by  the  capillaries  of  the  lungs 
has  been  estimated  to  be  about  154  square  yards,  and 
the  blood  at  any  one  moment  present  in  the  lungs 
to  be  about  122  cubic  inches,  whilst  in  the  course 
of  twenty-four  hours  about  4,064  cubic  feet  traverse 
the  capillaries,  the  blood  corpuscles  passing  in  single 
file,  and  being  exposed  to  air  on  both  surfaces.  The 
absorption  of  oxygen  is  due  to  two  circumstances : 
First,  to  the  absorption  of  O  under  the  partial  pressure 
of  that  gas  at  which  the  blood  stands  ;  and  secondly, 
to  the  affinity  of  haemoglobin  for  O.  The  red  cor- 
puscles, which  are  chiefly  composed  of  haemoglobin, 
are  the  principal  oxygen  carriers.  The  elimination  of 
COg,  on  the  other  hand,  is  due  to  the  circumstance 
that  the  alkaline  salts  of  the  blood,  charged  with  this 
ga^,  are  placed  under  conditions  favourable  to  its 
diffusion,  and  cease  to  retain  it.  The  COg  is  generated 
in  the  tissues,  and  enters  the  blood  under  pressure  ; 
but  in  the  capillaries  of  the  lungs  the  partial  pressure 
of  the  gas  is  greatly  reduced,  and  it  accordingly 
escapes.  That  process  by  which  the  O  carried  by  the 
blood  corpuscles  through  the  systemic  vessels  to  the 
tissues  leaves  the  blood  to  unite  with  the  constituents 
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of  those  tissues,  and  by  which  the  CO^  with  which 
the  tissues  are  surcharged  leaves  them  and  enters  the 
blood,  is  termed  internal  respiration.  That  process 
by  which  the  blood  traversing  the  lungs  absorbs  O 
from  the  air  and  yields  up  CO2  to  it,  is  termed  external 
respiration.  The  skin  plays  a  subordinate  part  in 
external  respiration. 

The  respiratory  movements. — The  ingress 
and  egress  of  air  are  effected  rhythmically  by  the 
alternate  enlargement  and  contraction  of  the  cavity  of 
the  chest,  which  take  place  in  the  adult  from  16  to  24 
times  per  minute,  each  complete  act  occupying  there- 
fore about  three  seconds.  At  birth  the  number  of 
respirations  is  about  40  per  minute,  becoming  less  year 
by  year.  The  proportion  of  respiratory  acts  to  the 
cardiac  beats  is  about  two  to  nine  or  ten.  The  act  of 
enlargement  of  the  chest  cavity  is  termed  inspiration  ; 
that  by  which  its  capacity  is  diminished  expiration. 

The  act  of  inspiration. — In  inspiration  the 
thoracic  walls  are  drawn  apart  in  all  directions,  and 
the  cavity  of  the  chest  is  enlarged  by  muscular  action. 
k.  tendency  to  a  vacuum  is  produced  ;  air  immediately 
rushes  through  the  trachea  into  the  lungs,  which 
passively  expand  to  fill  the  enlarging  space,  and  to 
equalise  the  pressure  within  and  without  the  chest. 
If  the  mouth  and  nostrils  be  closed,  no  effort  will 
expand  the  chest,  because  the  pressure  of  the  atmo- 
sphere on  the  outside  of  the  chest  is  greater  than  the 
muscles  can  overcome  ;  but  if  the  muscles  were  of 
such  strength  that  they  could  overcome  the  atmospheric 
pressure,  then  the  ribs,  with  the  parietal  layer  of  the 
pleura,  would  separate  from  the  lungs  covered  with 
the  visceral  layer  of  the  pleura,  and  a  vacuum  would 
be  formed  between  the  two  layers  of  the  pleura,  which, 
however,  would  soon  be  filled  by  the  distension  of  the 
lungs  with  blood,  for  under  normal  conditions  both 
blood  and  air  are  drawn  to  the  lungs  in  inspiration  ; 
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but  air,  being  much  lighter  and  more  mobile,  naturally 
enters  in  larger  quantities.  The  lungs  are  always 
under  negative  pressure,  since  they  collapse  when  an 
opening  is  made  into  the  pleura,  and  this  collapsing 
power  or  resilience  of  the  lungs  is  sufficient,  even 
after  death,  to  raise  a  column  of  water  2*5  inches  high, 
or  of  mercury  -185  inch,  whilst  at  the  commencement 
of  ordinary  inspiration  in  the  living  person  it  is  esti- 
mated to  be  equal  to  a  column  of  water  7  inches  in 
height,  or  nearly  one- third  of  a  pound  per  superficial 
square  inch ;  and  as  the  total  superficies  of  the  costal 
and  diaphragmatic  walls  of  the  thorax  is  about  300 
square  inches,  the  total  resilience  to  be  overcome  by 
muscular  effort  at  the  commencement  of  inspiration 
is  about  100  lbs.,  which  increases  as  the  chest  expands. 
The  muscles  engaged  in  effecting  inspiration,  and 
especially  forced  inspiration,  are  numerous,  but  one 
stands  out  pre-eminent  amongst  the  rest,  and  probably 
almost  acts  alone  in  tranquil  inspiration — the  dia- 
phragm— the  musculus  nobilissimus  post  cor  of  Halen. 
This  muscle  when  at  rest  forms  an  arch,  on  the  upper 
convex  surface  of  which  the  heart  and  lungs  rest.  In 
contraction  the  lateral  portions  of  the  arch  become 
flattened,  the  cavity  of  the  chest  is  correspondingly 
enlarged,  and  the  lungs  descend.  The  central  tendon, 
on  which  the  heart  rests,  and  through  which  the 
inferior  vena  cava  passes,  remains  comparatively 
stationary,  as  is  conclusively  shown  by  the  slight 
variation  in  the  region  over  which  the  apex  beat  of 
the  heart  can  be  felt  in  inspiration  and  expiration 
respectively.  For  since  the  pericardium  is  firmly  at- 
tached to  the  central  tendon,  the  heart  must  neces- 
sarily follow  the  movements  of  that  tendon  ;  and  as  its 
situation  remains  nearly  unaltered,  the  position  of 
the  tendon  can  be  but  little  disturbed.  The  im- 
portance of  the  diaphragm  is  shown  by  the  fact  that 
if  both  phrenics,  which  are  its  motor  nerves,  be  cut, 
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death  results,  the  other  muscles  collectively  being 
unable  to  maintain  respiration  eflfectively.  The  next 
most  important  group  of  muscles  acting  in  tranquil 
inspiration  are  the  external  intercostals,  the  fibres  of 
which  run  downwards  and  forwards,  and  which,  after 
the  first  rib  has  been  fixed  by  the  contraction  of  the 
scaleni,  act  successively  on  the  ribs  below,  pulling 
them  outwards  and  upwards,  and  thus  enlarging  the 
intercostal  spaces.  The  action  of  these  muscles  is  aided 
by  that  portion  of  the  internal  intercostals  which 
intervenes  between  the  costal  cartilages.  The  levatores 
costarum  and  the  scaleni  are  also  believed  to  act  in 
tranquil  inspiration. 

The  act  of  expiration. — Tranquil  expiration  is 
effected  only  to  a  trifling  extent  by  muscular  action, 
and  results  from  the  elasticity  of  the  lungs  and  walls 
of  the  chest  and  of  the  abdominal  viscera. 

Forced  respiration. — When  from  violent  mus- 
cular effort  the  right  heart  and  lungs  become  surcharged 
with  blood,  or  when  the  respiratory  passages  are  con- 
stricted, or  when  the  respiratory  centres  are  supplied 
with  blood  containing  a  deficiency  of  oxygen  and  an 
excess  of  carbonic  acid  gas,  difiiculty  of  respiration  or 
dyspnoea  is  induced,  and  forced  efforts  of  inspiration 
and  expiration  are  made,  in  which  many  muscles  take 
'  part.  The  following  table,  taken  from  Landois,  shows 
the  muscles  engaged  in  tranquil  and  in  forced  respira- 
tion, and  gives  also  their  nerve  supply  : 

A.  INSPIRATION. 
I.  In  Tranquil  Inspiration  the  Muscles  acting  are  : 

1.  The  diaphragm  [ISfervus  phrenicus) . 

2.  The  three  scaleni  {Rami  museul.  plex.  cervicalis  et  brachialis) 

3.  The  levatores  costarum  [Ram.  poster,  nerv.  dorsalium). 

4.  The  external  intercostal  muscles  (Nerv.  intercostales). 

II.  In  Forced  Inspiration  the  active  Muscles  are: 
a.  Muscles  of  the  Trunk. 

1.  The  sterno -mastoid  [Ramus  externus  nervi  accessorii). 
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2.  The  trapezius  [Earn.  ext.  new.  accessorii  et  ram.  musciUares 

plex.  cervicalis). 

3.  The  pectoralis  minor  [Nn.  thoracici  anteriores). 

4.  The  serratus  posticus  superior  [N.  dorsalis  scapulce). 

5.  The  rhomboidei  {JV.  dorsalis  scapulce). 

6.  The  extensors  of  the  vertebral  column  [Rami  postici  nervorum 

dorsalium). 

7.  [The  serratus  anticus  major  [N.  thoracicus  longus).'\  ? 

b.  Muscles  of  the  Larynx. 

1.  The  stemo-hyoid  [Ram.  descendens  hypoglossi). 

2.  The  sterno-thyroid  (Ram,  descendens  hypoglossi). 

3.  The  crico-arytsenoideus  posticus  [Nerv.  laryngeiis  inferior 

vagi). 

4.  The  thyro-arytaenoid  [Nerv.  laryngeus  inferior  vagi). 

c.  Muscles  of  the  Face. 

1.  The  dilatatores  narium,  anterior  and  posterior  [N.  faeialis), 

2.  The  levator  alae  nasi  [N.  facialis) . 

3.  The  expanders  of  the  mouth  and  nares  [N.  facialis). 

d.  Muscles  of  the  Pharynx. 

1.  The  levator  veli  palatini  [N.  facialis). 

2.  The  azygos  uvulae 

B.  EXPIRATION. 
1.  Tranquil  Expiration  is  effected  essentially 

By  the  elasticity  of  the  lungs,  costal  cartilages,  and  abdominal 
muscles,  and  by  the  weight  of  the  chest  walls  chiefly,  and 
partly  also  by  the  action  of  the  internal  intercostal  muscles. 

2.  In  Forced  Expiration  the  Muscles  acting  are 

1.  The  abdominal  muscles  [Nn.  abdominis  inierni  s.  anteriores 

e  nervis  intercostales) . 

2.  The  triangularis  sterni  [Nn.  intercostales). 

3.  The  serratus  posticus  inferior  [Ram.  ext.  nerv.  dorsalium). 

4.  The  quadratus  lumborum  [Ram.  musculares  e  plex.  lumbale). 

5.  The  intercostales  interni  so  far  as  they  lie  between  the  bony 

ribs,  and  the  infracostales  [Nn.  intercostales). 

The  ribs  are  fixed  at  their  extremities,  whilst  their 
central  curved  part  plays  comparatively  freely  in  the 
act  of  respiration,  like  the  handle  of  a  bucket.  Those 
muscles  which  raise  the  ribs  also  separate  them  from 
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each  other,  and  act  therefore  as  muscles  of  inspiration. 
Those  that  depress  the  ribs  approximate  them  to  each 
other,  lessen  the  cavity  of  the  chest,  and  act  as  muscles 
of  expiration.  In  severe  dyspnoea,  as  in  asthma,  the 
body  is  bent  forwards,  the  hands  grasp  a  chair-back,  or 
rest  on  some  solid  object,  in  order  to  fix  the  shoulders 
and  to  enable  the  pectorales,  scaleni,  sterno-mastoid,  and 
intercostals,  to  act  with  most  advantage  in  expanding 
the  chest.  Much  discussion  has  been  held  in  regard 
to  the  action  of  the  intercostals.  The  points  well 
settled  are,  that  the  external  intercostals,  which  run 
downwards  and  forwards,  and,  therefore,  from  the  less 
movable  part  of  the  rib  above  to  the  more  movable 
part  of  the  rib  below,  must  act  as  elevators  of  the  ribs, 
and  as  muscles  of  inspiration,  providing  the  first  rib  is 
fixed.  And  in  like  manner,  that  portion  of  the  internal 
intercostals  which  is  between  the  costal  cartilages 
(since  the  fibres  run  downwards  and  backwards,  and, 
therefore,  again  from  the  less  to  the  more  movable 
part  of  the  ribs,  for  the  ribs  are  fixed  at  the  sternum, 
as  well  as  at  the  spine)  must  raise  the  ribs,  and  sepa- 
rate them  from  each  other,  providing  the  first  rib  is 
fixed.  But  it  is  conceivable  that  if  the  intercostal 
muscles  were  acting  simultaneously, /?er  se^  and  not  in 
concert  with  other  muscles,  they  would  bring  the  ribs 
together,  contract  the  chest,  and  act  as  muscles  of 
expiration.  Different  instruments  have  been  employed 
to  measure  the  variations  in  the  diameter  of  the  chest 
at  different  periods  of  the  respiratory  acts  ;  amongst 
them  are  the  thoracometer'^  of  Sibson,  the  cyrtometer^ 
of  Woillez.  The  absolute  enlargement  of  the  chest 
in  the  antero-posterior  and  transverse  direction,  in 
tranquil  respiration,  does  not  exceed  half  a  centimetre 
or  five  mm.  In  forced  respiration  it  is  about  three 
centimetres  at  the  level  of  the  seventh  or  eighth  rib. 

*  9a)pa^,  the  chest ;  /ueVpoi/,  a  measure, 
f  KvpT6<s,  curved ;  ^irpov,  a  measure. 
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The  amount  of  the  vertical  enlargement  of  the  chest, 
caused  by  the  descent  of  the  diaphragm,  is  not  known 
in  man,  but  in  the  horse  it  has  been  estimated  to  be 
three  times  greater  than  the  increase  of  the  transverse 
diameter. 

Relative  duration  of  the  acts  of  respiration.— 
Tracings  of  the  respiratory  acts  show  that  the  act  of 
inspiration  is  shorter  than  that  of  expiration  in  the 
proportion  of  6  :  7  or  6  :  8.  Inspiration  commences 
with  moderate  rapidity,  then  becomes  more  rapid,  and 
towards  its  close  somewhat  slower.  Expiration  begins 
with  moderate  rapidity,  then  becomes  quicker,  and 
towards  the  close  of  the  act  very  slow.  There  is  no 
pause  between  expiration  and  inspiration. 

Types  of  respiration,  1.  Abdominal  type. — 
In  the  adult  male,  and  in  infants  during  the  first  three 
years  of  life,  the  diaphragm  is  usually  the  chief  muscle 
employed  in  tranquil  inspiration,  and  its  descent 
causes  the  viscera  to  press  on  the  abdominal  walls, 
and  the  belly  rises  and  falls  with  each  act  of  respira- 
tion. This  type  of  respiration  may  also  be  observed 
in  the  horse,  cat,  and  rabbit* 

2.  Inferior  costal  type. — This  type  occurs  in  many 
adult  males,  and  especially  in  boys  after  the  third 
year.  The  diaphragm  acts,  but  the  abdominal  walls 
move  but  slightly,  and  the  amplitude  of  rib  movement 
appears  to  increase  from  above  downwards,  being 
probably  chiefly  induced  by  contraction  of  the  external 
inter costals  and  the  levator es  costarum  (Sewall),  effect- 
ing the  raising  and  separation  of  the  ribs  from  the 
seventh  downwards.    It  is  seen  in  the  dog. 

3.  Superior  costal-  type. — In  this  type  the  cla- 
vicles, upper  part  of  the  sternum,  and  the  upper 
ribs,  play  freely,  whilst  the  lower  part  of  the  chest 
and  the  abdominal  walls  are  almost  motionless.  It  is 
characteristic  of  the  female,  enabling  her  to  respire 
freely  when  the  movements  of  the  diaphragm  and 
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lower  ribs  are  interfered  with  by  the  great  enlarge- 
ment of  the  uterus  in  pregnancy,  but  it  is  doubtless 
accentuated  by  the  practice  of  the  women  of  most 
Western  nations  to  wear  corsets. 

In  infancy,  when  the  child  sucks,  respiration  is 
carried  on  exclusively  through  the  nose,  and  a  simple 
catarrh,  by  causing  tumefaction  of  the  nasal  mucous 
membrane,  may  cause  death  by  asphyxia  or  by  in- 
anition ;  by  the  child  being  unable  to  breathe  on  the 
one  hand,  or  take  nourishment  on  the  other. 

Capacity  of  the  chest.— The  volume  of  air  con- 
tained in  the  lungs  of  a  healthy  adult  male,  after  the 
fullest  possible  inspiration,  is  about  5,650  cubic 
centimetres,  and  it  has  been  found  convenient  to 
divide  this  into  four  parts  : 

(1)  Tidal  or  breathing  air,  which  is  that  volume 
inspired  and  expired  with  each  act  of  respiration. 

(2)  Complemental  air  ;  or  that  volume  of  air  which 
can  be  inspired  after  an  ordinary  inspiration. 

(3)  Reserve  or  supplemental  air,  or  that  volume  of 
air  which  can  be  expired  after  an  ordinary  expiration. 

(4)  Residual  air. — That  volume  which  remains 
in  the  lungs  after  the  fullest  possible  expiration. 

These  several  volumes  may  be  expressed  in  cubic 
centimetres  as  follows  : 

1.  Tidal  air       .       .  500  cub.  cm.  16-20  cub.  in. 

2.  Complemental  air  .  1,670       „  110  „ 

3.  Reserve  air    .       .  1,600        „  100  „ 

4.  Residual  air  .       .  1,880        „  100  „ 

The  first  three  of  these  volumes  can  be  taken  into, 
or  expelled  from,  the  chest  at  will,  and  have  been 
collectively  termed  the  vital  capacity.  The  vital 
capacity  is  therefore  represented  by  the  total  quantity 
of  air  that  can  be  expired  after  the  fullest  possible 
inspiration.  The  average  vital  capacity  of  a  man  of 
5  ft.  8  in.  is  3,770  cubic  centimetres  =  230  cubic 
inches. 
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The  vital  capacity  is  modified  (1)  by  height,  (2)  by 
position,  (3)  by  weight,  (4)  by  age,  and  (5)  by  disease. 

(1)  In  regard  to  height,  every  inch  of  stature  from 
five  to  six  feet  enables  the  subject  to  expire  eight 
additional  cubic  inches  by  a  forced  expiration  after  a 
full  inspiration. 

(2)  In  regard  to  position,  it  is  found  that  more 
air  can  be  inspired  in  the  erect  than  in  the  recumbent 
position,  because  the  movement  of  the  chest  walls  is 
more  free  in  the  erect  posture. 

(3)  Speaking  generally,  it  may  be  said  that  with 
increased  weight,  within  moderate  limits,  there  is 
increased  vital  capacity. 

(4)  In  regard  to  age_,  the  vital  capacity  increases 
from  15  to  35  years,  and  from  35  to  65  it  decreases. 

(5)  All  abdominal  and  thoracic  diseases^  as  tumours, 
abscesses,  phthisis,  diminish  the  vital  capacity. 

The  vital  capacity,  as  determined  by  costal,  is 
much  in  excess  of  that  determined  by  diaphragmatic 
respiration  (Sewall),  which  agrees  with  the  fact 
that  breathing  is  always  of  the  costal  type  when  the 
respiratory  needs  of  the  body  are  unusually  urgent. 

Renewal  of  the  air  in  the  lungs. — At  each  inspira- 
tion about  500  cc.  of  pure  air  penetrate  into  the  lungs. 
Of  these  500  cc,  about  330  cc.  remain  in  the  lung, 
and  mix  by  diffusion  with  the  vitiated  air  there 
present.  The  first  portions  of  the  air  expelled  in  ex- 
piration have  not  penetrated  into  the  lung.  The 
above  numbers  were  obtained  by  Gr^hant,  who  made 
an  inspiration  in  pure  hydrogen  gas,  and  introduced 
in  this  way  500  cc.  of  this  gas  into  his  lungs.  In  the 
immediately  succeeding  expiration  he  found  170  cc. 
H  mixed  with  330  cc.  of  air.  He  then  continued  to 
respire  air,  and  found  that  the  three  following  expira- 
tions contained  respectively  80*5,  41,  and  40*8  cc.  of 
H.  He  arrived  at  the  conclusion  that  the  coefficient 
of  pulmonary  ventilation,  i.e.  the  number  obtained 
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by  dividing  the  quantity  of  pure  air  introduced  into 
the  lungs  at  each  inspiration  by  the  quantity  of 
vitiated  air  contained  in  the  lungs  before  this  inspira- 
tion (=  reserve  +  residual  air),  is  about  0*1;  that  is 
to  say,  that  the  mass  of  vitiated  air  in  the  lungs 
mixes  at  each  inspiration  with  about  y^^^ 
volume  of  pure  air.  The  air  in  the  lungs  may  be  con- 
sidered to  be  completely  renovated  in  from  8  to  10 
respiratory  acts. 

Iiillueiice  of  the  vag:i  on  respiration.— 
Section  of  both  vagi  materially  alters  the  rhythm  of 


- 
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Fig.  19. — SO,  Tracing  of  tlie  respiration  taken  with  the  (Bsophagus  sound 
in  the  Dog,  after  the  section  of  both  Vagi.  PC,  Pressure  in  the 
carotid.    Uppermost  hne  showing  seconds.    ( J^/ter  Fredericq.) 


respiration — the  movements  becoming  slower  and 
deeper,  long  pauses  being  succeeded  by  an  act  of  full 
inspiration,  followed  by  an  act  of  expiration.  Similar 
though  less  marked  effects  follow  the  section  of  one 
vagus.  If  the  vagus  on  one  side  be  divided  in  the 
cervical  region,  and  the  central  extremity  be  stimulated 
with  a  series  of  induction  shocks,  the  respiratory 
movements  are  found  to  be  increased  in  rapidity,  and 
with  strong  stimulation  the  diaphragm  may  be  almost 
thrown  into  a  state  of  tetanus.  These  effects  seem  to 
show  that  there  are  fibres  ministering  to  inspiration 
in  the  trunk  of  the  vagus,  running  in  a  centripetal 
direction,  and  capable  of  causing  reflex  contraction  of 
1-5 
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the  diaphragm.  These  fibres  are  stimulated  when  the 
act  of  expiration  is  completed,  possibly  to  some  extent 
by  the  mere  mechanical  action  of  the  walls  of  the 
alveoli  falling  together  ;  for  if  the  chest  walls  be  per- 
forated, and  air  be  allowed  to  enter  the  pleural  cavity, 
the  collapse  of  the  lungs  is  soon  followed  by  violent 
spasmodic  contractions  of  the  diaphragm,  which, 
however,  only  occur  providing  the  vagi  are  intact. 


Fig.  20. — Showing  the  arrest  of  the  respiratory  act  and  the  prolonga- 
tion of  the  expiratory  act,  caused  by  insuflftation  of  the  lungs. 
A  to  B,  normal  respiratory  tracing ;  at  c  insufflation  was  performed  ; 
at  F  the  trachea  was  closed  in  order  to  keep  the  lungs  distended  ; 
from  F  to  I,  expiration  ;  at  J  the  first  inspiration  was  made  ;  at  o 
the  tube  was  opened.    {After  Fredericq.) 

There  is  evidence,  however,  that  the  vagi  contain  also 
fibres  7ninistering  to  expiration,  since  under  certain 
conditions,  as  in  rabbits  under  the  influence  of  a  dose 
of  chloral,  excitation  of  the  central  end  of  the  divided 
vagus  is  invariably  followed  by  an  arrest  of  respira- 
tion in  expiration  (Fredericq).  These  fibres  are 
excited  each  time  that  the  lungs  are  mechanically 
distended,  either  by  inspiration  or  by  artificial  inflation 
of  the  lungs.  Inspiration,  therefore,  induces  expira- 
tion, and  expiration  calls  forth  an  inspiratory  act,  and 
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thus  the  regular  sequence  of  the  respiratory  acts  is 
provided  for.  The  effect  of  insufflation  of  the  lung  is 
well  shown  in  the  tracing  by  Fredericq  (Fig.  20). 

The  superior  laryngeal  nerve  contains  a  large 
number  of  fibres  capable,  when  stimulated,  of  excit- 
ing expiration,  the  slightest  irritation  of  the  glottis, 
which  is  supplied  with  sensory  filaments  by  this  nerve, 
causing  expiration. 

Other  nerves  beside  the  vagi  may  conduct  centri- 
petal impulses  or  stimuli  to  the  respiratory  centres. 
The  most  important  of  these  is  undoubtedly  the  fifth, 
and  its  influence  is  familiar  in  the  deep  inspiration 
that  occurs  when  the  face  is  suddenly  exposed  to  cold, 
as  by  being  flipped  with  a  cold  wet  cloth,  or  drenched 
with  cold  water ;  and  the  same  effect  is  produced  by 
the  application  of  cold  to  other  sensory  nerves.  The 
influence  of  emotional  states  in  the  acts  of  respiration 
is  also  marked,  and  is  well  shown  in  cases  of  hysteria. 

The  respiratory  centres.— The  centres  which 
preside  over  the  acts  of  respiration  occupy  a  symme- 
trical position  on  each  side  of  the  median  line  in  the 
lower  part  of  the  medulla  oblongata,  a  little  above  the 
origin  of  the  vagi,  between  the  vasomotor  centre  and 
the  apex  of  the  calamus  scriptorius,  and  opposite  the 
interspace  between  the  occipital  bone  and  atlas.  It 
is  believed  that  there  are  two  on  each  side,  one  regulat- 
ing the  movements  of  inspiration,  the  other  of  ex- 
piration. The  evidence  demonstrating  that  the  centres 
occupy  this  position  is  that  the  spinal  cord  may  be 
divided  from  below,  and  the  brain  may  be  removed  by 
successive  slices  from  above,  without  arresting  respira- 
tion, until  this  spot  is  injured,  when  respiration  at 
once  ceases  ;  whilst  if  this  region  is  damaged  alone, 
though  the  rest  of  the  nervous  system  is  intact,  the 
respiratory  acts  are  at  once  and  permanently  arrested, 
and  death  promptly  follows.  On  the  other  hand, 
section  of  the  cortex  of  the  medulla  oblongata  does 
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not  materially  interfere  with  respiration.  Hence  this 
region  of  the  medulla  has  been  named  the'  nceud  vital. 

There  is  reason  for  believing  that  there  are  some 
accessory  centres  of  respiration  which  form  a  chain  of 
ganglia  in  the  spinal  cord,  since  in  cats  slightly 
under  the  toxic  influence  of  strychnia  spontaneous 
acts  of  respiration  may  be  observed  after  section  of 
the  cord  below  the  medulla  oblongata.  Other  accessory 
centres  of  inspiration  are  believed  to  exist  in  the  floor 
of  the  third  ventricle,  and  in  the  corpora  quadrigemina  ; 
there  appears  also  to  be  a  centre  of  expiration  in  the 
corpora  quadrigemina  anteriora. 

The  respiratory  centres  can  be  excited  to  act  both 
by  direct  and  by  reflex  stimulation.  Their  excit- 
ability by  direct  stimulation  is  shown  by  their  in- 
creased action  when  an  electrical  current  is  transmitted 
through  them.  Cold,  on  the  other  hand,  depresses 
their  activity.  When  all  sensory  nerves  by  which 
the  centres  might  be  stimulated  are  divided,  respi- 
ratory movements,  though  irregular  in  rhythm  and 
depth,  still  continue,  and  it  seems  probable  that 
such  movements  are  due  to  the  circulation  through 
the  medulla  of  blood  deficient  in  O,  and  contain- 
ing an  excess  of  COg.  It  has  been  shown  by  experi- 
ment that,  after  section  of  the  vagi,  by  which  the  pass- 
age of  stimuli  from  the  lungs  is  prevented,  deficiency 
of  O  acts  as  an  excitor  of  the  inspiratory  centre, 
whilst  excess  of  COg  stimulates  the  expiratory  centre. 
That  the  deficiency  of  oxygen  is  a  powerful  stimulus 
is  shown  by  the  dyspnoea  that  quickly  supervenes 
when  an  animal  is  placed  in  a  neutral  gas,  in  which 
case  there  is  no  hindrance  to  the  elimination  of  COg. 

In  tranquil  respiration,  then,  or  ewpncea^^  it  is 
probable  that  the  defective  supply  of  O  and  excess  of 
•COg  in  the  blood  traversing  the  respiratory  nerve- 
centres  excites  them  to  liberate  direct  inspiratory 
*  ev,  well :  TTj/ew,  to  breathe. 
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impulses,  whilst  similar  conditions  in  the  blood  circu- 
lating through  the  capillaries  of  the  lungs  constitute 
the  stimulus  reflexly  exciting  the  peripheral  termina- 
tions of  the  vagus.  The  stimulus  is,  in  the  latter 
case,  conveyed  by  this  nerve  to  the  respiratory 
centres,  which  at  once  respond,  and  liberate  impulses 
which,  travelling  down  the  spinal  cord,  pass  along  the 
motor  nerves  supplying  the  diaphragm  and  intercostal 
muscles,  and  inspiration  follows.  The  entrance  and 
absorption  by  the  blood  of  O,  then  temporarily  leads 
to  quiescence  of  the  centres  and  relaxation  of  the 
muscles,  and  a  fresh  inspiration  is  only  made  when 
the  deficiency  of  O  rises  to  a  certain  amount. 

If  by  rapid  and  deep  breathing  a  large  proportion 
of  0  is  introduced  into  the  system,  the  need  for  the 
acts  of  respiration  is  less  felt  ;  no  motor  impulses 
emanate  from  the  respiratory  centres,  and  the  con- 
dition termed  apnoea  is  established.  On  the  contrary, 
if  the  supply  of  O  fail,  and  COg  accumulates  in  the 
blood,  violent  muscular  efforts,  both  of  expiration  and 
of  inspiration,  are  made,  in  which  almost  every  muscle 
in  the  body  takes  a  part,  and  the  subject  is  said  to 
suffer  from  dyspnoea.  No  apnoea  can  be  produced  if 
the  vagi  are  divided,  showing  that  it  is  probably  pro- 
duced by  pressure  on  the  peripheral  termination  of 
the  vagi. 

In  all  violent  efforts  a  deep  inspiration  is  in- 
stinctively taken,  and  the  glottis  closed  by  the  arytse- 
noid  and  lateral  crico-arytsenoid  muscles,  the  object  of 
which  is  to  fix  the  chest,  and  to  afford  a  point  d/appui 
to  the  upper  limbs. 

The  respiratory  centres  are  inactive  during  intra- 
uterine life. 

Sounds  of  respiration. — If  the  ear  be  applied 
to  the  uncovered  chest  of  a  person  breathing  tran- 
quilly, a  soft  blowing  murmur  is  heard,  during  inspira- 
tion, over  the  whole  of  those  regions  beneath  which 
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the  lungs  are  situated.  This  sound,  named  the  vesicular 
murmur^  is  faintly  audible  during  expiration.  It  is 
particularly  distinct  in  children,  and  in  them  is  named 
puerile  respiration.  It  is  caused  by  the  distension 
and  separation  of  the  walls  of  the  air  vesicles  and 
smaller  channels  leading  to  them,  and  to  the  friction 
of  the  air  over  the  numerous  points  of  division  of  the 
air  tubes.  If  the  ear  be  placed  over  the  trachea  in 
front,  or  the  larger  bronchi  at  the  back,  on  either  side 
of  the  vertebral  column,  a  louder  and  rougher  sound 
is  heard,  termed  the  bronchial  murmur.  It  is  audible 
both  in  inspiration  and  in  expiration. 

Percussion  sounds  of  ttie  cliest. — When 
the  chest  is  lightly  tapped  with  the  finger,  the  regions 
beneath  which  the  lung  is  situated  are  resonant,  or 
yield  a  hollow  sound,  whilst  the  part  over  the  heart  is 
dull.  The  precise  outline  of  the  heart  regions  left 
uncovered  by  the  lungs  in  expiration  and  in  inspira- 
tion, and  the  outline  of  the  lungs  themselves,  should  be 
carefully  studied,  as  a  knowledge  of  these  relations  is 
of  great  importance  in  practical  medicine. 

Variations  of  pressure  in  the  air  passag^es. 
— If  a  manometer  be  connected  with  an  opening  in 
the  trachea,  whilst  the  respiratory  acts  are  otherwise 
normally  performed,  it  is  found  that,  with  each  inspi- 
ration, a  negative  pressure  equal  to  3  mm.  of  mercury 
is  exerted,  whilst  during  expiration  there  is  a  corre- 
sponding positive  pressure.  If  the  manometer  tube 
be  inserted  into  one  nostril,  and  tranquil  respiration 
carried  on  through  the  other,  with  closed  mouth,  the 
inspiratory  negative  pressure  is  1  mm.  of  mercury,  the 
positive  expiratory  pressure  is  from  2  to  3  mm.  When 
all  the  inspiratory  or  expiratory  muscles  are  brought 
into  play,  the  pressures,  both  negative  and  positive, 
are  greatly  increased.  Thus  the  inspiratory  muscles 
of  a  medium-sized  adult  male  can  exert  a  negative 
pressure  capable  of  raising  a  column  of  mercury  75  mm. 
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high ;  whilst  the  expiratory  muscles,  aided  by  the 
elasticity  of  the  chest  walls  and  lungs,  can  exert 
positive  pressure  capable  of  raising  a  column  of 
mercury  100  mm.  in  height.  It  may  indeed,  in 
special  circumstances,  attain  still  greater  height,  as 
in  the  experiment  sometimes  termed  Miiller's  experi- 
ment. This  consists  in  closing  the  glottis  after  a 
forced  expiration,  and  then  making  a  violent  inspira- 
tory effort.  The  negative  pressure  thus  induced  may 
attain  such  a  height  that  the  auricles,  distended  by 
the  inspiratory  effort,  no  longer  transmit  their  blood 
into  the  ventricles.  The  pulse-waves  caused  by  the 
contractions  of  the  left  ventricle  diminish  in  height, 
and  the  pulse  may  now  be  completely  arrested.  As  a 
result  of  this,  the  vessels  of  the  systemic  circulation 
are  rendered  anaemic,  whilst  those  of  the  pulmonary 
circulation  become  hypersemic. 

In  the  experiment  sometimes,  but  erroneously, 
termed  Valsalva's  experiment,  the  pleural  pressure 
may,  on  the  contrary,  be  greatly  augmented.  In  this 
the  glottis  is  closed  after  a  full  inspiration  ;  a  violent 
expiratory  effort  is  then  made,  and  the  positive  pres- 
sure has  been  observed  of  250  mm.  of  mercury.  Under 
these  conditions  the  great  veins  can  no  longer  discharge 
their  contents  into  the  chest  :  the  blood  accumulates 
therefore  in  the  systemic  vessels,  the  lungs  become 
empty,  and  after  a  short  time,  the  left  heart  receiving 
no  blood,  the  pulse  becomes  imperceptible.  These 
experiments  are  not  free  from  danger  (Fredericq). 

Abisorptioii  of  g^ases  by  fluids. — Gases  are 
absorbed  to  a  greater  or  less  extent  by  water  and  other 
fluids,  the  amount  absorbed  being  dependent  (1)  on 
pressure,  (2)  on  temperature,  and  (3)  on  affinity. 
The  weight  that  is  taken  up  of  any  gas  by  the  same 
liquid  at  a  given  temperature  is  proportional  to  the 
pressure^  or,  which  is  the  same  thing,  the  volume  of 
the  gas  dissolved  is  at  all  pressures  the  same.  Hence 
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it  is  found  that  when  the  pressure  is  doubled  the 
weight  of  dissolved  gas  is  also  doubled.  Temperature  is 
of  great  importance,  since  the  quantity  of  gas  absorbed 
decreases  with  the  temperature.  Thus  at  0°  C.  and 
1  m.  pressure,  water  will  absorb  1*79  vol.  of  COg,  but 
at  15°  C.  it  will  only  absorb  1  vol.  The  quantity  of 
gas  which  a  liquid  can  dissolve  is  independent  of  the 
nature  and  of  the  quantity  of  other  gases  which  it 
may  already  hold  in  solution.  If  a  fluid  is  exposed  to 
a  mixture  of  several  gases,  the  pressure  on  its  surface 
is  equal  to  the  sum  of  the  pressures  of  the  several 
gases,  but  each  gas  only  exerts  the  same  pressure  that 
it  would  do  if  it  occupied  the  whole  space  above  the 
fluid,  and  in  a  mixture  this  is  called  its  partial 
pressure."  Thus  oxygen  forms  one-fifth  of  any  quan- 
tity, say  100  vol.,  of  air,  and  water  exposed  to  air 
absorbs  only  such  a  quantity  of  oxygen  as  it  would  do 
if  the  atmosphere  were  entirely  formed  of  this  gas 
under  a  pressure  equal  to  one-fifth  that  of  the  atmo- 
sphere. The  N  in  like  manner  forms  about  four- 
fifths  of  100  vol.  of  aii^,  and  is  absorbed  by  water  as 
it  would  be  absorbed  if  the  atmosphere  were  entirely 
composed  of  N  under  a  pressure  of  four-fifths  of  that 
of  the  air.  Hence  since  the  pressure  of  the  atmo- 
sphere is  760  mm.  at  the  level  of  the  sea, 

20*8 

the    pressure    of    O  =  760  x  =158  mm. ; 

79-2 

the  pressure  of  the  N  =  760  x  =  601  mm. ; 

^      ,  0-00026 

the  pressure  of  the  CO2  =  760  x  =  0*052  mm. 

The  numbers  158,  601,  0*052  represent  therefore  the 
partial  pressure  of  the  several  gases  mentioned.  The 
partial  pressure  of  oxygen  in  the  air  vesicles  during 
calm  expiration  is  found  to  sink  to  117  mm.,  and  in 
deep  inspiration  is  130  mm. ;  whilst  the  partial  pressure 
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of  00^  rises  in  tranquil  respiration  to  31*5  mm.,  and 
in  deep  expiration  to  66-4  mm.  The  absorption  of 
gases  by  the  blood,  however,  by  no  means  follows  the 
law  of  Dalton  and  Henry,  being  seriously  interfered 
with  by  the  chemical  affinity  of  the  constituents  of 
the  blood  for  O  and  COg. 

If  we  inquire  what  the  tension  of  the  oxygen  in 
the  venous  blood  contained  in  the  capillaries  of  the 
lungs  is,  we  are  met  with  the  difficulty  that  whilst  no 
doubt  a  part  of  the  oxygen  is  merely  in  solution,  the 
major  portion  is  in  direct  chemical  union  with  the 
haemoglobin.  The  absolute  quantity  of  oxygen  in  pul- 
monary venous  blood  is  about  1  4  per  cent,  by  volume, 
and  the  quantity  of  uncombined  oxygen  has  been 
ascertained  by  placing  different  portions  of  the  same 
venous  blood  in  contact  with  different  gaseous  mix- 
tures more  or  less  rich  in  oxygen,  and  of  known  com- 
position. If  the  tension  of  the  uncombined  oxygen 
in  the  blood  is  greater  than  that  of  the  oxygen  in  the 
gaseous  mixture,  it  will  yield  up  the  excess  till  an 
equilibrium  is  established  ;  and  on  the  other  hand,  if 
the  tension  is  greater,  the  blood  will  absorb  a  certain 
amount  of  oxygen.  By  making  a  series  of  experiments 
in  this  way,  Pfliiger  has  shown  that  a  state  of  equili- 
brium is  attained  when  the  quantity  of  oxygen 
contained  in  the  gaseous  mixture  is  2*9  per  cent.,  i.e. 
about  "3^-,  representing  a  partial  pressure  capable  of 
supporting  a  column  of  mercury  of  about  23  mm.  in 
height.  Blood  exposed  to  such  a  mixture  neither 
absorbs  nor  gives  up  oxygen. 

Ctiemistry  of  respiration.— As  the  chemical 
changes  in  respiration  take  place  between  the  gases 
contained  in  the  air  and  the  blood,  it  is  requisite  in 
the  first  place  to  ascertain  the  composition  of  the  gases 
which  can  be  extracted  without  chemical  decomposition 
from  these  two  fluids  respectively. 

The  composition  of  pure  dry  air  is  well  known. 
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It  contains  in  every  100  volumes  21  volumes  of 
oxygen  gas  and  79  volumes  of  nitrogen  gas,  or,  if 
estimated  by  weight,  in  100  grains  there  are  23  grains 
of  oxygen  and  77  grains  of  nitrogen.  It  further  con- 
tains four  parts  of  carbon  dioxide  in  every  10,000 
volumes.  Its  composition  is  constant  up  to  a  height 
of  1 4,000  feet.  In  crowded  theatres  the  quantity  of 
oxygen  may  fall  nearly  1  per  cent.,  and  the  amount  of 
carbon  dioxide  may  rise  to  70  parts  in  10,000,  and  on 
both  accounts  the  air  becomes  distinctly  prejudicial  to 
health.  Ordinary  air  contains  in  addition  a  variable 
quantity  of  watery  vapour,  the  mean  of  which  has 
been  estimated  at  about  1*4  parts  per  cent,  for 
England.  If  saturated,  a  cubic  metre  of  air  takes  up 
at  0"^  C.  5*4  grammes  of  aqueous  vapour.  The  higher 
the  temperature  the  more  water  can  it  contain ;  the 
lower  the  temperature,  the  less.  Thus  1  cubic  metre 
of  air  at  37°  C.  is  saturated  with  42*2  grammes  of 
aqueous  vapour,  whereas  at  0°  C.  it  can  hold  only 
4*87  grammes.  Air  is  rarely  saturated  with  aqueous 
vapour,  and  the  quantity  rarely  falls  below  of  the 
saturating  quantity.  Lastly,  the  air  contains  a  trace 
of  ammonia,  and  numerous  floating  particles  composed 
of  the  spores  of  fungi  and  algae,  and  minute  fragments 
of  organic  and  inorganic  substances. 

The  gases  of  the  blood* — The  most  reliable 
observations  that  have  been  made  on  this  point  show 
the  following  proportions  in  the  gases  of  arterial  and 
venous  blood  respectively  : — 

100  cc.  of  blood  contain :  0        CO2  N 

Arterial  blood    .       .       .20  cc.     48  cc.    2-20  cc. 
Venous  blood     .       .       .    12  „      55  „     2*25  „ 

So  that  arterial  blood  contains  nearly  twice  as  much 
O  as  venous  blood.  The  difference  in  the  proportion 
of  CO2  is  much  less  marked.*     The  arterial  blood 

*  Differences     the  total  amount  of  gases  in  the  blood  given 
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returning  from  the  lungs  is  probably  saturated,  so  far 
as  the  haemoglobin  is  concerned,  with  oxygen  ;  that 
is  to  say,  the  haemoglobin  has  taken  up  as  much 
oxygen  as  it  is  possible  for  it  to  combine  with,  since 
it  has  been  demonstrated  by  experiment  that,  to  effect 
this,  a  partial  pressure  of  oxygen  amounting  to  3  per 
cent,  is  all  that  is  required ;  but  the  plasma  is  far 
from  being  saturated  with  oxygen.  It  may  be  taken 
as  a  fact  certainly  established  that  the  absolute 
quantity  of  oxygen  contained  in  the  arterial  blood  of 
the  same  animal  is  undergoing  constant  variation  in 
amount,  according  to  the  requirements  of  the  system. 
The  tension  of  COg  in  the  venous  blood  entering  the 
lung  has  been  found  to  vary  between  3*81  per  cent, 
and  5*4  per  cent,  of  an  atmosphere  ;  whilst  the  tension 
of  COg  in  the  air  entering  the  lung  is  scarcely 
appreciable.  Perfect  equilibrium  of  tension  in  regard 
to  COo,  between  the  COg  of  the  air  in  the  alveoli  and 
in  the  blood,  is  effected  in  the  lung,  as  is  shown  by 
the  fact  that  the  last  portions  of  air  escaping  from  the 
lung  in  expiration  and  arterial  blood  contain  about 
equal  proportions  of  COg.  The  absolute  amount  of 
COg  contained  in  the  blood  may  vary  within  wide 
limits,  which  is  due  to  the  circumstance  that  the 
larger  part  of  this  gas  exists  in  the  form  of  dissociable 
combination,  and  a  slight  diminution  of  tension  is 
sufficient  to  effect  the  decomposition  of  a  notable 
quantity  of  these  compounds.  In  the  mere  act  of 
spontaneous  coagulation  the  alkalinity  of  the  blood 
rapidly  diminishes,  and  the  tension  of  the  COg  rises 
considerably,  attaining  as  high  a  degree  as  8  per  cent, 
of  an  atmosphere. 

Chang^es  in  the  air  that  has  been  once 
breathed. — (1)  The  proportion  of  COg  is  increased 
to  4*3  per  cent.,  so  that  after  a  single  act  of  tranquil 

in  different  tables  will  be  found  chiefly  to  depend  on  the  pressure 
at  which  they  are  calculated. 
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respiration,  air  which  previously  onlj  contained  four 
parts  in  10,000  now  contains  on  an  average  434  parts 
in  10,000  volumes. 

(2)  The  proportion  of  O  is  diminished  on  an 
average  about  4*8  per  cent.,  so  that  whilst  ordinary 
air  contains  21  per  cent,  of  O,  air  that  has  been  once 
breathed  contains  only  16 '2  per  cent.  The  excess  of 
O  taken  up  by  the  blood  over  the  O  discharged  as 
COg  is  probably  applied  to  the  oxidation  of  other 
constituents  of  the  body,  as  sulphur  and  phosphorus. 

(3)  A  small  quantity  of  nitrogen  is  generally 
added  to  it,  but  during  starvation  a  little  is  said  to  be 
absorbed. 

(4)  It  is  saturated  with  watery  vapour,  one 
cubic  metre  of  expired  air  at  37°  C.  containing  about 
42  grammes  of  watery  vapour. 

(5)  Its  temperature  is  increased — usually,  in  tem- 
perate climates,  rising  to  36-3°  C,  but  several 
degrees  lower  if  the  air  inspired  be  very  cold,  and  a 
degree  or  two  higher  if  hot. 

(6)  Its  volume  is  increased,  the  slight  decrease  due 
to  excess  of  O  absorbed  over  COg  eliminated  *  being 
more  than  compensated  by  expansion  from  heat  and 
addition  of  watery  vapour. 

(7)  There  is  an  addition  to  it  of  small  quantities 
of  ammonia,  hydrogen,  and  marsh  gas. 

(8)  It  is  freed  from  all  germs  and  particles  of 
dust. 

The  absolute  quantity  of  O  absorbed  into  the 
system  per  diem  by  the  lungs  is  about  750  grammes ; 
of  carbonic  dioxide  eliminated,  about  900  grammes;  of 
water  eliminated,  about  450  grammes. 

Yierordt  has  shown  that  the  quantity  of  0  con- 
sumed per  hour  by  man  for  each  kilogramme  of  his 
weight,  at  0°  0.  and  760  mm.  pressure,  is  about  300 

*  Equal  volumes  of  0  and  of  CO2  contain  equal  quantities  of 
oxygen  gas. 
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cubic  centimetres.  The  quantity,  however,  varies 
within  very  wide  limits  in  other  animals.  Thus 
whilst  in  the  calf,  pig,  and  sheep  it  is  about  the  same 
as  in  man,  in  the  case  of  the  rabbit  instead  of  300 
it  is  687  cc.  ;  in  the  dog,  900  cr.  ;  in  the  guinea- 
pig,  1,110  ;  in  small  birds,  from  9,000  to  10,000.  In 
animals  with  slower  circulation  and  less  active  powers 
it  is  much  smaller  ;  thus  in  the  lizard  it  is  134  ;  in 
the  crab,  107  ;  in  the  earthworm,  70*8  ;  and  in  the 
leech,  22.  It  is  interesting  to  notice  that  when  the 
vital  powers  are  in  abeyance  amongst  the  higher 
animals,  the  quantity  of  oxygen  they  require  is  imme- 
diately reduced  ;  thus  in  the  case  of  the  marmot  the 
amount  falls  in  hibernation  to  the  very  low  number 
of  30  cc. 

When  the  tension  of  CO3  increases  moderately  in 
atmospheric  air,  reaching  to  3,  4,  or  5  per  cent.,  the 
tension  of  the  gas  increases  to  a  corresponding  extent 
in  the  organism,  until  a  new  equilibrium  of  tension  is 
established  between  the  air  in  the  alveoli  and  the 
blood  in  the  lung ;  the  excess  of  COg  acts  as  an  exci- 
tant on  the  respiratory  nervous  centres  in  the  medulla 
oblongata,  induces  dyspncea,  and  increases  the  intensity 
of  the  interstitial  combustions.  The  quantity  of  O 
consumed  increases  (Fredericq).  COg  does  not  prove 
fatal  until  its  partial  pressure  exceeds  20  per  cent,  of 
an  atmosphere.  It  then  acts  as  a  narcotic  poison, 
and  considerably  diminishes  the  intensity  of  the 
chemical  phenomena  of  respiration. 

Many  circumstances  modify  the  quantity  of  car- 
bonic acid  eliminated  from  the  system.  Everything 
which  tends  to  increase  the  quantity  of  oxygen  enter'- 
ing  the  system,  or  the  quantity  of  readily  oxidisable 
materials  in  the  body,  or  which  renders  the  oxidising 
process  more  active,  will  increase  the  elimination  of 
carbon  dioxide.  Thus  it  is  greatly  increased  by 
exercise,  by  food,  and  by  exposure  to  cold  within 
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moderate  limits.  It  is  relatively  larger  in  children 
than  in  adults ;  in  men  than  in  women,  except  during 
pregnancy  ;  in  persons  of  a  vigorous  constitution  than 
in  the  languid  and  phlegmatic.  It  is  also  modified 
by  certain  physiological  changes,  as  by  the  frequency 
and  depth  of  the  inspiratory  acts,  which  when  either 
deeper,  or  more  frequent  with  the  same  depth,  cause 
increased  elimination  of  carbon  dioxide. 

Muscular  exertion  is  without  doubt  the  condition 
that  exercises  the  greatest  influence  on  the  production 
and  discharge  of  carbon  dioxide,  and  it  has  been 
estimated  that  if  a  person  breathing  tranquilly  dis- 
charges seven  or  eight  ounces  of  solid  carbon  per  diem 
in  the  form  of  COg,  the  quantity  would  be  more  than 
doubled  with  severe  exertion.  In  these  circum- 
stances, the  respiratory  quotient  approaches  unity, 
the  quantity  of  GOg  eliminated  and  of  O  absorbed 
being  nearly  equal.  The  increase  in  the  quantity  of 
O  taken  into  the  system  is  perceptible  for  some 
minutes  in  the  period  of  repose  that  follows  muscular 
exertion. 

The  mode  of  combination  of  carbon 
dioxide  in  the  blood. — It  can  be  easily  shown 
that  part  of  the  carbon  dioxide  contained  in  the  blood 
is  in  combination  with  the  coloured  corpuscles,  and 
another  part  with  the  plasma,  and  that  the  combination 
with  the  plasma  is  firmer  than  with  the  corpuscles, 
but  it  has  not  been  quite  certainly  determined  in 
what  state  of  combination  it  really  exists.  It  is 
probably  in  the  form  of  sodium  bicarbonate,  which  is 
chiefly  contained  in  the  plasma.  Experiment  has 
shown  that  whilst  water  at  0^'  0.  and  at  ordinary 
pressure  will  take  up  about  its  own  volume  of  COg, 
blood  absorbs  about  2^  times  its  volume.  Mere 
exposure  to  a  vacuum  will  extract  the  dissolved  COo, 
and  dissociate  almost  the  whole  of  that  combined 
with  the  sodium  bicarbonate  ;  and  since  in  presence 
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of  bodies  ])laying  the  part  of  a  feeble  acid,  such  as  the 
proteids,  and  especially  oxy haemoglobin,  even  sodium 
carbonate  will  undergo  decomposition,  it  follows  that 
almost  the  whole  of  the  CO3  contained  in  blood  can 
be  extracted  by  placing  it  in  a  receiver  and  exhausting 
the  air.  The  tension  of  CO3  in  the  blood  is  hence 
more  easily  ascertained  than  that  of  the  oxygen,  and 
it  has  been  found  that  its  tension,  or  partial  pressure, 
in  the  oxygenated  blood  returning  from  the  lungs 
varies  from  3*81  per  cent,  to  5*4  per  cent,  of  an 
atmosphere,  and  it  is  as  nearly  as  possible  identical 
with  the  tension  of  the  carbonic  acid  in  the  alveoli  of 
the  lungs. 

JEffects  of  variation  of  the  pressure  of  the 
air  on  respiration. — Man  lives  at  the  bottom  of  a 
great  aerial  ocean,  the  depth  of  which  is  about  one 
hundred  miles,  and  which,  though  so  light,  exercises 
an  enormous  pressure  on  the  surface  of  his  body,  a 
pressure  that,  at  fifteen  pounds  to  the  square  inch, 
has  been  calculated  to  amount  to  thirty  or  forty 
thousand  pounds  in  accordance  with  the  extent  of 
surface  presented  by  the  skin ;  but  in  ascending  lofty 
mountains,  or  in  balloon  ascents,  when  a  height  of 
nearly  thirty  thousand  feet  has  been  attained  the 
pressure  of  the  air  is  greatly  diminished,  and  with 
it  the  partial  pressure  of  the  oxygen.  If  the  change 
is  effected  slowly,  the  system  accommodates  itself  to  the 
altered  condition,  and  no  ill  effects  are  experienced  ; 
but  if  the  change  from  air  of  ordinary  density  to  air 
that  is  greatly  rarefied  occurs  suddenly,  remarkable 
effects  are  observed,  which,  in  the  case  of  mountain 
climbing,  are  known  as  the  mal  de  moyitagne,  and 
which  are  equally  noticeable  in  balloon  ascents.  In 
the  former  case  they  are  intensified  by  the  muscular 
exertion  which  is  put  forth  in  the  ascent,  whilst  in 
the  latter  case  the  suddenness  of  the  change  seems  to 
induce  the  same  symptoms. 
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These  are  :  1.  Congestion  of  capillaries  of  the  skin 
and  free  surfaces  of  the  mucous  membranes,  owing  to 
diminished  pressure,  which  may  culminate  in  haemor- 
rhage, and  generally  leads  to  sweating  and  free  mucous 
secretion.  2.  The  resistance  to  the  passage  of  the 
blood  through  the  capillaries  being  diminished,  the 
cardiac  beats  become  more  frequent,  and  the  respira- 
tion frequent  and  irregular.  3.  The  insufficient 
supply  of  oxygen  and  imperfect  elimination  of  CO3 
induce  .extraordinary  muscular  weakness,  the  slightest 
exertion  causing  exhaustion.  Hence,  again,  in  part, 
the  dyspnoea  and  sense  of  constriction  about  the 
chest.  4.  The  vagal  centres  are  stimulated  by  the 
insufficiency  of  0,  and  vomiting  may  occur ;  and 
5.  The  blood  being  drawn  from  the  internal  organs 
to  the  surface,  the  brain  is  imperfectly  supplied  with 
oxygen,  and  faintness  results,  noises  are  experienced 
in  the  ears,  obscurations  or  sparks  appear  before  the 
eyes,  with  other  symptoms  of  disturbance  of  the 
functions  of  the  nervous  system,  and  there  is  dimin- 
ished secretion  of  urine. 

The  greatest  height  yet  attained  has  been  by 
Glashier,  who  ascended  in  his  balloon  to  a  height  of 
8,840  metres,  when  the  pressure  descended  to  247  mm. 
Hg.  In  Sivel  and  Croce-S})inelli's  fatal  balloon 
ascent  the  barometer  fell  to  262  mm.  Hg,  and  the 
partial  pressure  of  the  oxygen  was  therefore  only  52 
mm.,  showing  that  it  was  reduced  to  7  per  cent,  of 
one  atmosphere.  In  the  ascent  of  Mont  Blanc  the 
pressure  of  the  air  falls  from  750  mm.  at  the  sea- 
level  to  418  mm.  at  its  summit ;  the  oxygen  is  there- 
fore reduced  from  20*8  to  11 '53  per  cent.  The 
brothers  Schlagintweit  ascended  the  Himalayas  to  a 
height  of  6,882  metres,  when  the  pressure  was  320 
millimetres.  It  has  been  found  by  experiment  that 
dyspncea  begins  to  be  experienced  when  the  proportion 
of  oxygen  in  the  air  supplied  is  diminished,  either  by 
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reduction  of  pressure  or  by  removal  of  part  of  the 
gas,  from  20*8  per  cent.,  which  is  its  normal  amount, 
to  10  per  cent. ;  and  when  it  has  been  reduced  to  3 
per  cent.,  when  it  has  a  partial  pressure  of  22*8  mm., 
and,  usually  long  before  this  limit  is  reached,  death 
occurs  ;  for  3  per  cent,  corresponds  to  the  partial 
pressure  at  which  haemoglobin  is  able  to  absorb 
oxygen  only  with  difficulty,  if  at  all.  The  active 
functions  of  the  nervo-muscular  apparatus,  no  longer 
duly  supplied  with  O,  cease,  and  death  results. 

Bert  found  that  the  respiration  of  air  artificially 
reduced  in  pressure  produced  similar  effects  to  those 
of  mal  de  montagne.  When  placed  in  a  chamber,  the 
tension  of  the  air  in  which  was  420  millimetres,  or 
about  equal  to  the  height  of  Mont  Blanc,  the  cardiac 
beats  rose  from  60  to  84  per  minute.  He  then  made 
three  respirations  of  oxygen,  and  the  pulse  immediately 
fell  to  71.  He  gave  up  respiring  oxygen  and  made 
a  movement,  when  it  at  once  rose  to  100,  to  re- descend 
to  70  after  the  inspiration  of  oxygen. 

As  by  ascending  the  pressure  of  the  air  can  be 
decreased,  so  by  descending  below  the  sea-level  it  ca ' 
be  increased,  and  the  amount  of  such  increase  in  deep 
mines  and  in  works  conducted  under  water,  as  in  the 
laying  of  the  foundations  of  bridges,  is  sometimes 
considerable,  amounting  to  as  much  as  sixty  or  seventy 
pounds  avoirdupois  on  the  square  inch.  In  such 
cases  of  "caisson  disease,"  as  it  has  been  termed, 
the  skin  has  been  observed  to  become  pale,  and  the 
cutaneous  perspiration  to  diminish.  The  respirations 
are  reduced  in  frequency  by  two  to  four  in  the  minute. 
Inspiration  is  accomplished  with  greater  facility,  expi- 
ration is  prolonged,  and  a  distinct  pause  occurs  between 
expiration  and  inspiration.  The  capacity  of  the  lungs 
augments.  The  urinary  secretion  is  increased,  and 
muscular  efforts  are  made  with  more  activity  and 
energy.  The  heart,  meeting  with  more  resistance  on 
J— 5 
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account  of  tlie  contraction  of  the  cutaneous  capillaries, 
beats  more  slowly,  and  the  pulse-curve  is  lower.  There 
is  a  subjective  sensation  of  warmth.  Great  care  should 
be  taken  that  those  who  are  subjected  to  such  high 
pressure  be  not  suddenly  exposed  to  air  at  the  normal 
pressure,  for  the  efifect  is  equivalent  to  the  application 
of  a  gigantic  cupping-glass  to  the  whole  body.  The 
blood  is  suddenly  drawn  to  the  surface ;  haemorrhage 
from  the  nose,  ears,  and  mouth  is  likely  to  occur ;  and 
paralysis  may  result  from  the  sudden  abstraction  of 
blood  from  the  nerve  centres.  Mere  exposure  to  an 
atmosphere  of  oxygen  produces  no  ill  effects  ;  but  if 
the  animal  be  exposed  to  oxygen  under  pressure,  so 
that  the  blood  is  made  to  take  up  about  35  per  cent, 
of  its  volume  of  O,  death  occurs  in  convulsions. 

£flrect!S  of  breathing^  in  a  confined  space.— 
The  effects  of  breathing  in  a  limited  space  differ  to 
some  extent  in  accordance  with  the  size  of  the  space. 
If  the  space  be  small,  or  only  of  moderate  size  in  com- 
parison with  the  animal,  a  large  part  of  the  oxygen  is 
used  up,  and  a  nearly  corresponding  volume  of  COg  is 
eliminated.  The  fact  that  so  much  of  the  oxygen 
disappears  is  a  clear  proof  that  its  absorption  by  the 
blood  is  due  to  chemical  affinity,  and  is  not  the  result 
of  the  operation  of  the  usual  laws  of  absorption  of 
gases  by  fluids.  Death  results  from  asphyxia,  due  to 
a  deficiency  of  oxygen,  the  tension  of  the  gas  descend- 
ing below  the  limit  compatible  with  life. 

In  large  but  confined  spaces  death  results  from 
asphyxia,  due  in  part  to  a  deficiency  of  O  and  in  part 
also  to  the  accumulation  of  COg  ;  at  least,  the  animal 
dies  long  before  the  O  is  altogether  exhausted.  Indeed, 
it  has  been  shown  that  when  O  has  been  added  in 
great  excess  death  occurs  before  its  quantity  is  reduced 
even  to  the  amount  naturally  present  in  the  air, 
providing  the  CO3  be  allowed  to  accumulate.  Death 
results,  not  altogether  because  there  is  a  deficiency  of 
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O,  but  because  there  is  an  excess  of  COg,  which  then 
acts  as  a  poison.  If  arrangements  are  made  by  which 
the  CO3  is  removed  as  fast  as  it  is  formed,  the  animal 
will  live  much  longer  than  if  it  be  allowed  to  breathe 
the  same  air  more  or  less  charged  with  00^  over  and 
over  again. 

In  pure  oxygen  animals  breathe  quite  normally, 
and  the  substitution  of  hydrogen  gas  for  nitrogen  may 
be  made  without  in  any  way  interfering  with  respira- 
tion. When,  however,  the  pressure  of  the  O  exceeds 
3*5  atmospheres  it  acts  as  a  violent  poison  on  all  living 
beings,  killing  plants  and  animals  alike,  and  even 
organised  ferments* 

Necessity  for  ventilation. — The  necessity  for 
free  ventilation  of  the  air  in  dwelling-houses  follows 
from  what  has  j  ust  been  said.  Wherever  animals  are 
crowded  together  the  O  of  the  air  by  which  they  are 
surrounded  soon  becomes  exhausted,  and  COg  takes 
its  place.  But  this  is  not  all ;  the  lungs  and  the  skin 
alike  give  off  other  waste  products,  which,  though 
minute  in  quantity,  still  make  themselves  perceptible 
in  the  odour  of  the  breath  and  of  the  skin,  which  are 
characteristic  of  each  individual,  and  which  aid  in  giving 
the  peculiarly  penetrating  and  unpleasant  odour  to  the 
dwellings  of  the  poor,  to  the  out-patient  rooms  of 
hospitalSj  and  wherever  the  free  access  of  air  and 
water  are  neglected.  Fortunately,  the  free  interchange 
that  takes  place  between  gases,  and  the  porous  nature 
of  the  materials  of  which  our  garments  and  houses  are 
constructed,  allows  a  natural  ventilation  to  take  place, 
which  requires  the  perverse  ingenuity  of  man  to  inter- 
rupt. It  may  be  accepted  as  a  factj  that  as  soon  as 
air  becomes  in  the  slightest  degree  tainted,  or  has  a 
distinct  odour  perceptible  to  one  who  enters  it  from 
fresh  air,  it  has  become  unwholesome.  In  ordinary 
air  the  proportion  of  CO^  is  four  parts  in  10,000,  but 
it  has  been  found  to  rise  as  high  as  twenty  or  thirty 
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parts  in  10,000,  whilst  in  some  schoolrooms  in  Ger- 
many it  has  been  noticed  by  Pettenkofer  to  rise  as 
high  as  72  parts  in  10,000.  It  is  generally  held  that 
to  maintain  the  air  of  a  room  in  a  sufficient  state  of 
purity,  1,000  cubic  feet  for  each  individual  is  required, 
and  no  doubt,  with  the  ordinary  ventilation  that  is 
continually  taking  place  through  the  chimney,  and 
the  chinks  of  windows  and  of  doors,  and  even  through 
the  very  walls  themselves,  this  is  sufficient  ;  but  it 
must  not  be  forgotten  that  such  ventilation  is  abso- 
lutely necessary,  and  that  in  rooms  that  are  unpro- 
vided with  a  chimney^  and  in  which,  as  is  sometimes 
done,  the  chinks  are  closed  by  pasting  paper  over 
them,  the  air  soon  becomes  loaded  with  poisonous  ex- 
halations. In  order  that  air  should  remain  sufficiently 
pure  for  breathing  purposes,  at  least  200  times  the 
volume  of  the  air  expired  by  each  individual  should 
in  any  given  time  be  added  to  it*  In  large  factories 
the  unwholesome  results  of  insufficient  ventilation  are 
greatly  intensified  by  the  presence  of  floating  particles 
of  the  fabrics  manufactured  in  them ;  cotton,  silk,  and 
steel  filings  being  especially  injurious^  The  black 
deposit  seen  in  the  lungs  of  adults,  and  especially  of 
miners  and  of  those  living  in  the  smoky  atmosphere  of 
large  tow^nSj  consists  essentially  of  particles  of  carbon 
deposited  in  the  mucus  of  the  air  vesicles  and  taken 
tip  by  the  lymphatics  ■  and  the  same  may  be  said 
of  the  I'ed  in  the  lungs  {siderosis  pulmonum)  of  mirror 
grinders,  which  consists  of  ferric  oxide,  and  of  the 
grey  deposits  in  the  lungs  of  stonemasons.  The 
preservation  of  the  walls  of  dwelling-houses  from 
moisture  is  of  great  importance^  for  not  only  does 
moisture  fill  the  pores  of  wood,  brick,  or  other  con- 
structive material,  and  thus  arrest  ventilation  in  this 
direction,  but  the  absorptive  power  of  moisture  for  heat 
exercises  a  prejudicial  influence  on  the  inmates. 

Artificial  respiration.— If  the  entrance  of  air 


Chap.  VI.]        Artificial  Respiration.  133 

to  the  lungs  be  arrested  for  more  than  a  few  seconds 
by  any  means,  such  as  smothering,  choking,  hanging, 
drowning,  or  if  the  air  be  impure,  as  in  suffocation, 
after  a  preliminary  period  of  intense  anxiety,  and  in 
most  cases  of  violent  spasmodic  efforts  to  breathe, 
unconsciousness  comes  on,  and  the  respiratory  move- 
ments cease,  though  the  heart  long  continues  to  execute 
feeble  contractions.  Daring  this  period  life,  almost 
extinct,  can  be  restored  by  practising  artificial  respira- 
tion, and  mechanically  effecting  a  renewal  of  the  air 
in  the  lungs.  The  best  mode  of  effecting  this  is  to 
invert  the  body  to  let  any  fluid  escape  from  the  lungs, 
and  then  to  place  it  on  its  back,  raising  the  head 
with  a  hard  pillow.  The  wrists  or  the  arms  should 
now  be  firmly  seized,  raised  towards  the  head,  and  then 
slowly  brought  down  to  the  sides,  strong  pressure  being 
made  with  them  against  the  thorax.  This  proceeding 
ought  to  be  repeated  fifteen  times  in  the  minute 
(Silvester).  Care  should  be  taken  that  the  tongue  is 
brought  forward  and  the  chin  raised.  An  audible 
groan  or  gurgling  is  often  a  sign  that  the  air  is  enter- 
ing well.  About  20  cubic  inches  of  air  can  thus  be 
made  to  enter  the  lungs  at  each  imitation  of  the 
normal  respiratory  movements.  A  common  error  is 
to  perform  the  acts  too  rapidly  and  also  irregularly. 
Recovery  has  occurred  in  apparently  hopeless  cases 
when  artificial  respiration  has  been  persisted  in  for 
some  hours. 

Internal  respiration. — By  internal  respiration 
is  meant  the  exchange  of  gases  which  takes  place 
between  the  tissues;  including  the  blood  itself,  and  the 
gases  contained  in  the  blood.  The  changes  are  there- 
fore exactly  opposed,  so  far  as  the  gases  of  the  blood 
are  concerned,  to  the  interchange  of  gases  that  takes 
place  in  pulmonary  respiration.  No  sooner  does  the 
blood  become  charged  with  oxygen  as  it  traverses  the 
capillaries  of  the  lungs,  than  oxidation  of  the  mor^ 
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unstable  compounds  contained  in  the  blood  com- 
mences ;  not  only,  however,  is  the  quantity  of  these 
substances  small,  but  the  time  during  which  this  action 
can  take  place  is  extremely  brief,  only  lasting  till  the 
blood  reaches  the  systemic  capillaries ;  hence  the  oxi- 
dising processes  which  take  place  within  the  vessels 
are  comparatively  slight ;  but  no  sooner  has  the  blood 
reached  the  capillaries  than  it  is  surrounded  by 
tissues  poor  in  O  and  rich  in  COg,  and  an  active  inter- 
change of  gases  immediately  takes  place.  The  O  of 
the  haemoglobin  of  the  coloured  corpuscles  rapidly 
escapes,  whilst  the  COg,  with  which  the  tissues  are 
charged,  as  rapidly  enters  the  blood.  That  the  tension 
of  the  CO2  in  the  tissues  is  high,  is  clearly  shown  by 
the  tension  of  this  gas  in  the  fluids  of  the  body  ;  thus 
whilst  in  arterial  blood  it  is  equivalent  to  a  column  of 
mercury  21  mm.  in  height,  and  in  the  venous  blood 
of  the  pulmonary  capillaries  to  one  of  42  mm.,  in  the 
bile  it  is  as  much  as  50  mm.,  and  in  acid  urine  to 
68  mm.,  though  in  the  latter  cases  it  can  only  be 
derived  from  the  tissues.  In  the  lymph  it  is  about 
35  mm.  of  mercury,  and  the  smaller  tension  of  the 
COcj  in  the  lymph  than  in  venous  blood  may  be  ex- 
plained on  the  several  grounds  that  the  processes  of 
oxidation';'continue  to  take  place  in  the  blood  ;  that  in 
the  muscles,  in  which  the  production  of  COg  chiefly 
takes  place,  the  lymphatics  are  few  ;  that,  on  the 
contrary,  they  are  numerous  in  the  skin,  through 
which  some  interchange  of  gases  may  occur  ;  and  that 
since  the  whole  process  of  interchange  is  affected  by 
chemical  affinity,  there  may  be  *  compounds  in  the 
blood  which  have  a  stronger  affinity  for  COg  than  in 
the  lymph. 

That  the  processes  of  oxidation  which  take  place 
in  the  blood  itself  are  small  is  shown  by  the  fact 
that  easily  oxidisable  substances,  such  as  glucose  and 
sodium  urate,  may  be  added  to  blood  removed  from 
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the  action  of  the  tissues,  and  after  some  time  has 
elapsed  be  again  recovered  without  having  undergone 
oxidation  ;  whilst  that  the  blood  in  traversing  the 
tissues  rapidly  loses  its  oxygen  can  easily  be  demon- 
strated by  the  experiment  suggested  by  Yierordt,  in 
which  the  bright  light  of  the  sun  traversing  the  rosy 
pulp  of  the  finger  is  examined  with  a  spectroscope 
before  and  after  the  application  of  a  ligature  to  the 
finger  near  its  middle.  Before  the  ligature  is  applied 
it  will  be  found  to  present  the  usual  double  absorption 
bands,  but  in  the  course  of  two  or  three  minutes  after 
its  application  these  will  have  disappeared,  and  will  be 
found  to  be  replaced  by  the  single  band  of  deoxidised 
haemoglobin. 

Respiratory  quolient.— This  term  has  been 
applied  by  Pfliiger  to  the  relation  between  the  volume 
of  CO3  exhaled  by  respiration  and  the  quantity  of  O 
CO 

consumed ;  this  relation,  -— ^,  is  in  general  less  than 

unity,  that  is  to  say,  that  the  whole  of  the  oxygen 
consumed  by  the  organism  does  not  reappear  in  the 
air  expired  under  the  form  of  COg,  a  part  being  used 
up  in  forming  other  combinations,  such,  for  example, 
as  water.  The  study  of  the  respiratory  quotient,  it  is 
remarked  by  Fredericq,  has  led  to  an  interesting  con- 
clusion, viz.  that  the  greater  part  of  the  alimentary 
substances,  modified  and  transformed  by  digestion  and 
afterwards  absorbed  into  the  body,  only  remain  in  it 
for  a  short  period,  and  are  then  rapidly  destroyed. 
The  materials  which  are  actually  undergoing  oxidation 
in  the  body  are  the  combustible  bodies  that  have  but 
just  left  the  alimentary  canal.  The  proof  of  this  is 
that  the  value  of  the  respiratory  quotient  varies 
quickly  with  change  of  diet,  and  is  always  in  relation 
with  the  food  ingested.  Starch,  fat,  albumin,  in 
becoming  oxidised  in  the  body,  require  the  same 
quantity  of  oxygen  as  if  they  were  burnt  in  air.  With 
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an  exclusive  diet  of  starch  the  respiratory  quotient 

-— 1,  or  tends  to  approximate  unity ;  for  carbo- 

hydrate  compounds  contain  in  themselves  sufficient 
oxygen  to  convert  all  their  hydrogen  into  water; 
they  only  require  the  additional  quantity  of  oxygen 
necessary  to  convert  their  C  into  COg.  So  when  starch 
is  burnt  in  the  air  the  volume  of  oxygen  consumed 
is  exactly  equal  to  the  volume  of  COo  produced,  and 

CO 

the  quotient  of  combustion,  ^ — as  it  may  be  called, 

O2 

=  1.  The  fats  contain  great  excess  of  hydrogen,  and 
the  oxygen  inhaled  is  partly  used  up  in  combining 
with  this,  hence  the  respiratory  quotient  is  much  less 
than  unity.  The  albumins,  again,  contain,  with  much 
carbon,  a  considerable  proportion  of  hydrogen,  and 
some,  though  not  much,  sulphur  and  phosphorus ;  and 
hence  on  an  exclusively  animal  diet  the  respiratory 
quotient  may  descend  to  0*62  in  herbivorous  and  in 
carnivorous  animals.  In  any  animal,  however,  even 
if  an  herbivorous  one,  subjected  to  strict  fast,  and 
consequently  living  on  the  fat  and  albumin  of  its  own 
tissues,  the  respiratory  quotient  approximates  that  of 
animals  placed  on  meat  diet,  being  0*76.  Violent 
muscular  exertion  considerably  augments  the  cyphers 
of  O  and  of  COg  of  the  respiration,  but  especially  of 
the  CO2,  and  affects  to  some  extent  the  respiratory 
quotient ;  its  value  then  approximates  unity,  just  as  if 
the  animal  had  been  fed  on  carbo-hydrate  diet. 

Respiration  by  the  skin.— The  conditions 
under  which  the  blood  travels  in  the  skin  are  not 
materially  different  from  those  which  are  present  in 
the  lungs.  In  both  cases  there  is  a  rich  plexus  of 
capillaries  separated  from  the  air  by  epithelium.  In 
the  lungs  the  epithelium  forms  a  single  layer,  whilst 
in  the  skin  there  are  many  layers,  so  that  the  contact 
of  the  air  with  the  blood  is  less  immediate.  The 
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gaseous  interchange,  in  accordance  with  this  difference, 
is  much  less  active.  The  quantity  of  COg  discharged 
by  the  skin  as  compared  with  the  lungs  is  estimated 
to  be  as  1  :  38. 

The  amount  of  insensible  transpiration  of  vapour 
of  water  is  estimated  to  be  double  that  given  off 
by  the  lungs,  or  about  2  lbs.  per  diem,  though,  of 
course,  the  amount  of  this  vapour  given  off  will 
depend  on  the  size  of  the  body,  the  temperature, 
and  the  humidity  of  the  air. 

Other  actions  performed  by  the  respira- 
tory muscles. — The  most  importanjb  of  them  are 
sighing,  yawning,  coughing,  sneezing,  snoring,  laugh- 
ing, sucking,  and  hiccup,  which  are  not  always  under 
the  control  of  the  will. 

In  sighing  a  deep  inspiration  is  taken  and  is 
followed  by  an  audible  expiration.  It  appears  to  be 
a  compensatory  effort  to  make  up  for  several  previously 
imperfectly  performed  respiratory  acts. 

In  yawning  air  enters  through  the  mouth,  which 
is  usually  widely  opened,  the  nares  are  closed,  and  a 
deep  inspiration  and  expiration  follow.  It  is  an  in- 
dication of  fatigue  and  inadequate  working  of  the 
respiratory  muscles. 

Coughing  is  an  excellent  example  of  a  reflex 
nervous  action  accompanied  by  sensation.  The  stimulus 
is  some  irritation,  such  as  a  draught  of  cold  air,  or  the 
entrance  of  a  crumb  of  bread  into  the  larynx,  affecting 
the  highly  sensitive  termination  of  the  superior 
laryngeal  branch  of  the  vagus.  The  impulse  travels 
up  the  vagus,  and  after  reaching  the  centre  of  that 
nerve  in  the  medulla  oblongata  is  reflected  down 
through  the  recurrent  laryngeal  to  the  muscles  closing 
the  glottis,  and  also  through  the  spinal  cord  to  the  inter- 
costal nerves  innervating  the  abdominal  muscles.  By 
the  contraction  of  the  expiratory  muscles  the  closed 
glottis  is  suddenly  burst  open  with  a  resonant  sound; 
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the  effect  is  that  air  is  expelled  from  the  lungs  with  great 
force,  driving  any  foreign  body  or  mass  of  inspissated 
mucus  from  the  trachea  and  larynx.  Other  branches 
of  the  vagus,  such  as  those  distributed  to  the  lungs, 
to  the  liver,  or  even  the  auricular  branch,  may  con- 
duct impressions  exciting  cough.  It  may  also  be  a 
voluntary  act. 

In  sneezing  the  actions  are  similar  to  those  of 
coughing,  except  that  the  sensory  stimulus  is  con- 
veyed to  the  vagal  centre  by  the  branches  of  the  fifth 
nerve  distributed  to  the  nose,  and  that  the  issuing 
current  of  air,  driven  by  an  expiration  of  almost  con- 
vulsive violence,  is  directed  in  part  through  the 
nostrils  and  in  part  through  the  mouth. 

In  snoring  air  entering  through  the  nose  and 
mouth  causes  a  relaxed  uvula  and  soft  palate  to  vibrate 
strongly. 

In  laughing  a  succession  of  interrupted  expira- 
tions occurs. 

In  hiccup  an  inspiration  is  made  by  contraction 
of  the  diaphragm,  which  is  suddenly  arrested  by  closure 
of  the  lips  of  the  glottis. 

Sucking  is  rather  a  complicated  act.  It  can  be 
performed  by  the  tongue  alone,  which,  being  retracted, 
acts  as  a  kind  of  piston ;  or  by  the  tongvie  aided  by  the 
buccinator  muscles  and  the  muscles  attached  to  the 
hyoid  bone,  or,  lastly,  by  both  these  sets  of  muscles, 
further  aided  by  the  diaphragm  and  other  respiratory 
muscles. 
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CHAPTER  YII. 

FOOD. 

Food. — Food  is  required  by  all  animals  to  supply 
the  waste  of,  and  in  the  tissues  of,  the  body,  and  in  the 
higher  animals  to  maintain  the  temperature.  Now 
the  body  of  an  adult  consists  of  58*5  per  cent,  of 
water,  and  41*5  per  cent,  of  solids,  and  the  analysis 
of  the  body  of  a  healthy  man  and  of  a  healthy  woman 
has  been  found  to  give  the  following  results  : — 

Weight  of  Body  in  Grammes. 

Man.  Woman. 

69,688  55,400 

About  1 1  st.  About  9  st. 

Percentage  of  the  Total  Weight  of  the  Body. 


Man.  Womanj 

Bones   15-9  15-1 

Muscles   41-8  35-8 

Thoracic  viscera  .       .       .       .  1*7  2*4 

Abdominal  viscera      .       .       .  7*2  8-2 

Fat   18-2  28-2 

Skin   6-9  5-7 

Brain   19  2-1 


Each  and  all  of  these  parts  undergo  continual 
waste  ;  some  more,  some  less  rapidly,  but  all  of  them 
to  so  great  an  extent  that  if  food  be  completely  with- 
held remarkable  changes  in  volume  and  weight  are 
manifest  in  the  course  of  a  few  days.  This  loss  is 
supplied  by  food,  and  as  a  rule  the  quantity  daily 
ingested  corresponds  with  that  which  is  lost  by  the 
skin,  lungs,  urine,  and  faeces  in  the  same  space  of 
time.  The  nature  of  the  food  is  diverse,  and  it  is 
not  consumed  in  a  form  that  at  first  sight  resembles 
the  tissues  it  is  about  to  nourish ;  it  is  the  purpose 
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of  the  digestive  system  to  induce  such  alteration  in  it 
as  may  fit  it  to  become  a  part  of  the  body,  or,  in 
other  words,  to  prepare  it  for  assimilation. 

If  it  be  asked.  Of  what  are  the  tissues  themselves 
composed  %  the  reply  must  be.  That  though  presenting 
considerable  chemical  and  physical  differences,  they 
all  spring  from  and  contain  an  organic  basis,  proto- 
plasm, which  is  composed  of  C,  H,  and  O,  with 
small  quantities  of  S,  and  salts,  especially  Ca,  Mg,  Fe, 
K,  and  Na,  and  the  chemical  characters  of  which 
show  that  it  belongs  to  the  group  of  proteids. 
These  characters  are  indeed  often  obscured  by  the 
changes  it  has  undergone  in  the  process  of  de- 
velopment, and  the  materials  it  has  deposited  in 
its  own  substance ;  but  in  some  instances,  as  in 
muscle  and  nerve  and  gland,  protoplasm  still  exists 
as  such,  and  is  the  active  agent  in  the  functional 
activity  of  these  tissues.  In  other  instances,  as  in 
bone,  calcareous  salts  have  been  deposited,  which 
more  than  double  its  bulk,  whilst  in  the  enamel  of 
the  teeth  the  salts  are  so  abundant  as  almost  entirely 
to  conceal  the  protoplasm  originally  present.  In  all 
instances  the  tissues  are  built  up  of  small  masses  of 
protoplasm,  named  cells,  each  of  which  has  its  own 
definite  destiny  and  purpose ;  some  becoming  con- 
verted into  blood  corpuscles,  some  into  the  walls  of 
blood-vessels,  and  others  into  the  structure  of  the 
different  organs.  In  many  instances,  as  in  the  cells 
which  form  the  epidermis  and  the  epithelium  of 
mucous  membrane,  and  the  cells  of  the  glands  and  of 
the  brain,  the  original  cell-form  is  preserved  to  so 
great  an  extent  that  there  is  no  difficulty  in  recognis- 
ing them  as  cells ;  whilst  in  others  they  are  so 
modified  by  growth  that  it  is  necessary  to  follow  them 
through  the  whole  course  of  their  development  to 
furnish  satisfactory  proof  that  the  structure  or  tissue 
under  examination  is  in  reality  formed  of  them.  It 
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is  to  minister  to  the  wants  of  these  variously  modified 
cells  in  the  discharge  of  their  several  functions  that 
food  is  required. 

Hiing:er  and  thirst. — Hunger  is  the  sensation, 
usually  referred  to  the  stomach,  of  an  insufficient 
supply  of  food  in  the  economy.  Thirst  is  the  sensa- 
tion, referred  to  the  fauces^  of  a  want  of  fluid  in  the 
body.  Both  sensations  are  much  more  acutely  as 
well  as  differently  felt  by  some  persons  than  by 
others  :  hunger,  for  example,  expresses  itself  in  some 
people  by  faintness.  It  may  be  temporarily  allayed 
by  ingesting  into  the  stomach  any  substance  even  of 
an  indigestible  nature.  It  can  be  endured  for  a  very 
long  period  by  some  of  the  carnivora  ;  dogs,  deprived 
of  food,  live  from  four  to  nine  weeks,  according  to  their 
previous  condition.  Birds  die,  after  deprivation  of 
food,  in  a  few  days.  Some  mollusca,  as  the  snail,  can 
live,  if  perfectly  quiescent,  for  a  year  or  two  without 
food ;  and  even  mammals,  when  hibernating,  can  live 
without  food  for  some  months,  which  is  due  to  the 
circumstance  that  in  hibernation,  whilst  loss  of  heat 
is  prevented  by  the  retreat  of  the  animal  to  caves, 
burrows,  and  nests,  the  whole  vital  activity  is  reduced 
to  its  lowest  ebb,  and  in  most  cases  considerable 
surplus  material  has  been  stored  up  in  the  adipose 
and  hepatic  tissues.  The  Italian  Succi  recently 
endured  an  almost  complete  fast^  a  little  fluid  only 
being  taken,  for  no  less  than  forty  days,  but  he  was 
kept  warm  and  quiet,  and  so  expended  comparatively 
little  force.  Such  an  experiment,  though  very 
interesting,  is  dangerous,  since  a  time  must  come 
when,  all  the  reserve  material  in  the  body  being  used 
up  and  discharged  from  the  body  by  the  several 
excretory  organs,  the  tissues  themselves  undergo 
oxidation,  and  failure  of  the  cardiac  and  respira- 
tory movements  must  ultimately  ensue.  That  the 
sensation  of  hunger  is  not  due  exclusively  to  the 
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impressions  made  upon  the  gastric  mucous  membrane, 
but  rather  to  the  state  of  the  system  at  large,  is  shown 
by  the  fact  that  it  is  not  abolished  by  section  of  the 
vagi.  Thirst  is  not  alleviated  by  section  of  the 
pharyngeal  nerves,  nor  by  the  mere  contact  of  water 
with  the  fauces.  Water  must  first  be  absorbed,  and 
the  blood  and  tissues  replenished  with  this  fluid, 
before  the  sensation  is  removed.  Dogs  in  which  an 
oesophageal  fistula  has  been  made,  and  which  have 
been  long  deprived  of  water,  drink  long  and  con- 
tinuously, without  avail,  when  supplied  with  it, 
because  it  escapes  as  soon  as  swallowed,  whereas 
thirst  is  readily  quenched  by  injecting  water  into  the 
rectum,  or  into  the  veins. 

Classificatioii  of  food. — The  food  of  man  varies 
in  different  regions  of  the  earth  in  a  remarkable 
manner  ;  partly  in  accordance  with  the  productions  of 
the  earth,  air,  or  sea,  by  which  he  is  surrounded ;  but 
partly  also  in  accordance  with  the  requirements  of  his 
body  as  determined  by  the  external  temperature  to 
which  he  is  exposed,  his  age,  and  the  particular  form 
of  mental,  muscular,  or  other  kind  of  work  he  per- 
forms. The  Arab  can  support  life  on  a  small  supply 
of  legumes  or  cereals  and  a  few  dates ;  the  Indian  on 
some  rice  and  butter,  with  millet,  or  on  the  fruit  of 
the  banana  ;  the  well-fed  European  usually  takes  a 
great  variety,  as  well  as  abundance  of  food  ;  whilst  the 
natives  of  the  Arctic  regions  are  compulsorily  re- 
stricted to  animal  diet  rich  in  oil.  But  it  is  found 
that  however  different  in  appearance  these  several 
dietaries  may  be,  they  contain  certain  proximate  prin- 
ciples which  are  to  a  greater  or  less  extent  present  in 
all.    These  are : 

1;  Proteidsj  such  as  the  animal  albumins,  which 
form  the  greater  part  of  the  solids  of  meat,  fish,  eggs 
and  milk,  and  the  vegetable  glutins  and  legumins. 

2.  Farinaceous  and  saccharine  compounds,  such 
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as  starch,  gum,  and  sugar,  formed  by  plants,  and 
glycogen  and  inosite,  by  animals. 

3.  Oleaginous  compounds,  such  as  the  animal  and 
vegetable  fats  and  oils. 

4.  Inorganic  compounds,  such  as  salts  and  water. 
It  may  be  laid  down  as  a  rule  without  exception, 

that  none  of  these  substances,  neither  albumin,  nor 
sugar,  nor  starch,  nor  gum,  nor  oil,  is  capable  of 
supporting  life  if  taken  alone.  Whenever  an  animal 
is  fed  on  pure  albumin,  oil,  or  sugar,  it  dies.  There 
must  be  a  due  admixture  of  the  several  proximate 
principles,  though  extraordinary  variations  in  the  rela- 
tive quantities  occur.  In  those  forms  of  food  which 
experience  has  shown  to  be  capable  of  nourishing 
every  tissue  and  organ  of  the  body,  the  types  of  which 
are  seen  in  the  egg  s^nd  in  milk,  there  is  an  admixture, 
though  in  very  different  proportions,  of  all  the  above- 
mentioned  groups  of  proximate  principles. 

It  was  formerly  considered  that  foods  were  divisible 
into  respiratory  and  flesh-forming. 

The  respiratory  included  the  starches,  sugars,  and 
fats,  and  by  their  combustion  maintained  the  heat  of 
the  body ;  the  flesh-forming  included  the  proteids,  and 
were  applied  to  the  nutrition  of  the  tissues.  Modern 
research  has  not  supported  this  classification  of  food. 
We  shall  see  that  even  in  muscle  there  are  non- 
azotised  or  non-nitrogenous  constituents  which  are 
essential  components  of  its  tissue,  and  without  which 
it  would  not  be  muscle,  and  it  therefore  seems  probable 
that  even  the  non-azotised  substances  are  applied  to  the 
nutrition  of  muscle,  though  their  chief  office  is  probably 
to  supply  the  force  developed  during  its  contraction ; 
on  the  other  hand,  it  is  certain  that  proteids  contain 
the  nitrogen  which  the  muscles  and  nerves  require,  and 
that  they  are  applied  to  their  nutrition  ;  but  there  is 
good  reason  to  believe  that  they  also  minister  to  the 
production  of  heat,  and,  in  factj  break  up  into  two 
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nearly  equal  portions,  an  azotised  and  an  unazotised 
portion  ;  the  former  being  applied  to  the  nutrition  of 
the  azotised  tissue,  whilst  the  latter,  like  the  starches 
and  sugars,  is  applied  to  the  development  of  force  and 
to  the  generation  of  heat. 

We  may  proceed  to  consider  briefly  the  composition 
of  some  of  the  principal  articles  of  ordinary  diet. 

lU^eat. — The  flesh  of  animals  as  consumed  at  table 
is  composed  of  about  seventy-eight  parts  of  water  and 
twenty-two  parts  of  solids,  and  the  solids  consist  (1)  of 
myosin-albumin,  which  is  the  chief  constituent  of  the 
contractile  muscle  substance  ;  (2)  serum-albumin,  fibrin, 
and  haemoglobin,  derived  from  the  lymph  and  blood 
coursing  through  the  tissue  ;  (3)  gelatin,  derived  from 
the  connective  tissue  ;  (4)  elastin,  from  the  elastic 
tissue  ;  (5)  special  colouring  material ;  (6)  products  of 
disintegration  of  proteids,  as  kreatin,  kreatinin,  inosinic 
and  sarcolactic  acids,  taurin,  sarkin,  xanthin,  and  uric 
acid  ;  (7)  fats,  with  lecithin  and  cholesterin  ;  (8) 
carbohydrates,  as  inosite  and  glycogen ;  and  lastly 
salts,  amongst  which  the  salts  of  potassium  and  those 
of  phosphoric  acid,  with  magnesium  and  calcium,  pre- 
dominate. In  100  parts  of  the  salts,  potassium  exists 
in  the  proportion  of  39*4,  sodium  4-86,  magnesium 
3*88,  and  phosphoric  acid  46*74.  The  remainder  is 
made  up  of  chlorine,  calcium,  and  iron  oxide. 

The  quantity  of  fat  varies  with  the  state  of 
fattening  of  the  animal.  In  man,  after  the  visible 
fat  has  been  dissected  off,  there  still  remain  in  100 
parts  of  flesh  from  seven  to  fifteen  parts  of  fat  ;  in 
beef,  from  eleven  to  twenty-two  parts  ;  in  mutton, 
about  four  parts  ;  in  fowls,  about  three  parts.  The 
object  of  cooking  meat  is  to  render  it  more  digestible. 
In  roasting  and  in  boiling  meat  the  outside  should 
be  quickly  exposed  to  a  high  temperature,  in  order  to 
coagulate  the  albumin  of  the  surface  and  prevent  the 
juices  escaping  from  within.    The  joint  may  then  be 
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more  slowly  cooked.  Broths  should,  on  the  other 
hand,  be  made  by  soaking  the  meat  for  some  time  in 
cold  water,  and  then  slowly  warming,  with  the  addition 
of  a  little  salt  to  dissolve  the  myosin.  There  is  but 
little  nutriment  in  broth,  as  after  careful  preparation 
only  three  parts  per  cent,  are  dissolved,  and  about 
three  parts  remain  suspended  in  the  form  of  coagulated 
albumin.  The  dissolved  constituents  are  the  potash 
salts,  kreatin  and  kreatinin  ;  the  salts  of  lactic  and 
inosinic  acids,  and  some  extractives  ;  lastly,  gelatin. 
A  teaspoonful  of  Liebig's  extract  represents  a  pound  of 
meat,  but  it  must  not  be  supposed  that  it  is  in  any  way 
equivalent  to  that  amount  of  beefsteak  for  a  healthy 
person.    It  is  concentrated  beef-tea,  and  nothing  more. 

Egg's. — The  egg  is  clearly  a  perfect  form  of  food, 
since,  with  the  exception  of  oxygen,  it  contains  in 
itself  all  that  is  required  to  form  the  complete  bird  or 
reptile.  The  ovum  of  man,  however,  is  extremely 
small,  and,  though  containing  a  sufficient  store  of 
nutriment  for  the  earliest  stages  of  development,  it 
soon  throws  out  from  its  surface  processes  which, 
dipping  into  the  large  blood-vessels  of  the  uterus, 
draw  from  thence  the  material  required  for  further 
growth.  The  egg  of  the  fowl  is  composed  of  the  yolk 
or  vitellus,  and  the  white  or  albuminous  substance, 
which  is,  again,  enclosed  in  the  shell.  The  average 
weight  of  a  hen's  egg  is  about  1*75  oz.,  of  which  the 
shell  forms  one- tenth,  the  white  about  six-tenths,  and 
the  yolk  three-tenths.  White  of  egg  contains  about 
86  per  cent,  of  water  and  14  per  cent,  of  solids,  of 
which  albumin  forms  13  parts,  globulin  0'134,  salts 
0*6,  with  traces  of  fat,  glucose,  and  colouring  matter. 
The  yolk  contains  about  48  per  cent,  of  water,  and 
52  per  cent,  of  solids,  of  which  vitellin  forms  14  parts, 
nuclein,  1*5  ;  fats  and  lecithin,  30;  cholesterin,  1*75  ; 
and  there  are  some  colouring  matter  and  glucose,  and 
about  -1  part  of  salts. 
K— 5 
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Yitellin  is  a  globulin-proteid,  the  solution  of 
which  is  not  precipitated  by  common  salt,  in  which 
respects  it  differs  from  myosin.  It  is  easily  soluble  in 
water  containing  1  per  cent,  of  hydrochloric  acid, 
and  is  then  converted  into  syntonin.  It  dissolves  easily 
in  weak  solution  of  soda.  It  is  precipitated  by  alcohol. 

It  is  estimated  that  1  lb.  of  hard-boiled  eggs,  if 
completely  oxidised,  can  set  free  a  force  equal  to  raising 
1,415  tons  1  foot  high.  Eighteen  eggs  contain  an 
amount  of  flesh-forming  substance  and  other  pabulum 
sufficient  to  maintain  the  life  of  an  adult  man  for  one 
day. 

Veg"etable  foods. — The  most  important  of  the 
foods  derived  from  the  vegetable  kingdom  are  sup- 
plied by  the  cereals,  and  by  leguminous  plants,  which 
contain  both  proteids  and  starch,  and  by  the  potato 
and  other  plants  having  in  their  fruit  or  seed,  in  root, 
in  tuber,  in  leaves,  or  in  pith,  a  large  store  of  starch. 
Thus  100  parts  of  dry  wheat-flour  contain  16*5  parts 
of  proteids  and  56*25  of  starch.  Barley  contains  a 
little  more  of  the  proteids  and  much  less  starch 
(13*38)  ;  rye,  less  proteids  and  more  starch.  Rice 
has  only  7  or  8  parts  of  proteids,  but  78  parts  of 
starch.  Other  constituents  of  the  flour  of  the  cereals 
are  cellulose  and  dextrin  and  salts.  In  making  bread 
the  flour  is  mixed  with  water  ;  salt  and  yeast  are 
added,  and  the  whole  kept  at  a  moderately  warm 
temperature.  The  proteids  soon  begin  to  decompose 
under  the  influence  of  the  ferment,  and  themselves 
act  as  a  ferment  to  the  starch,  which  becomes  con- 
verted into  dextrin  and  partially  into  sugar,  and  this 
decomposing  yields  COg  and  alcohol ;  the  evolution  of 
the  CO3  gas  renders  bread  vesicular,  and  the  alcohol  is 
driven  off  in  the  baking.  A  method  is  now  commonly 
adopted  by  which  the  bread  is  rendered  vesicular 
without  fermenting  it.  This  is  accomplished  by  using 
water  charged  with  COo  under  pressure  for  making  the 
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dough  ;  on  removing  the  pressure  the  bubbles  of 
CO3  enlarge  and  the  dough  swells  up.  In  another 
method  the  bread  is  kneaded  with  sodium  carbonate, 
and  then  mingled  with  hydrochloric  acid  under  pres- 
sure. On  removing  the  pressure  the  gas  escapes, 
rendering  the  bread  light,  and  the  sodium  chloride 
remains. 

Peas  and  beans  contain  about  28  per  cent,  of 
vegetable  casein,  or  legumin,  38  per  cent,  of  starch, 
with  lecithin  and  cholesterin,  and  from  9  to  19  per 
cent,  of  water.  As  they  contain  no  gluten  they 
cannot  be  made  into  dough.  The  large  quantity  of 
proteids  they  contain,  and  their  cheapness,  render 
them  important  articles  of  diet  in  an  economical  point 
of  view. 

Potatoes  contain  from  70  to  81  per  cent,  of  water, 
16  to  23  per  cent,  of  starch,  and  a  small  quantity,  2*5 
per  cent.,  of  albumin.  In  100  parts  of  the  ash  there 
are  about  47  parts  of  potash,  8  parts  of  potassium 
chloride,  2'5  parts  of  sodium  chloride,  13  parts  of 
magnesia,  3*3  parts  of  lime,  and  12  parts  of  phosphoric 
acid.    Potatoes  contain  little  or  no  sulphuric  acid. 

Fruits  contain  sugar,  salts,  organic  acids,  and  a 
gelatinising  substance  named  pectin,  OggH^gOgg. 

Oreen  food  is  rich  in  salts  resembling  those  of 
the  blood,  and  starch,  cellulose,  dextrin,  sugar,  and 
albumin  are  all  present,  though  only  in  small  quantity. 

Condiments. — Condiments  are  used  partly  and 
chiefly  to  stimulate  the  appetite,  and  to  cover  or  con- 
ceal disagreeable  flavours,  and  partly  as  correctives  to 
promote  digestion,  stimulate  the  secretions  of  the 
intestinal  tract,  and  prevent  the  injurious  effects  of 
certain  kinds  of  food.  Salt,  mustard,  ginger,  cinnamon, 
cardamoms,  nutmegs,  mace,  cloves,  capers,  and  garlic, 
are  amongst  those  commonly  used  for  the  former 
purpose  ;  black  and  cayenne  pepper,  vinegar,  lemon, 
and  orange  juice,  amongst  the  latter. 
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Drinks. — Water  is  the  most  necessary  and  the 
most  wholesome  of  drinks.  It  forms  a  large  proportion, 
58 '5  per  cent.,  of  the  body  weight;  and  if  the  chief 
organs  be  taken  separately,  it  is  found  to  constitute 
30  per  cent,  of  adipose  tissue,  69  per  cent,  of  the 
liver,  72  per  cent,  of  the  skin,  75  per  cent,  of  the 
brain,  75*7  per  cent,  of  the  muscles,  and  83  per  cent, 
of  the  blood.  It  is  constantly  being  discharged  from 
the  body  by  the  lungs  and  skin,  and  by  the  kidneys 
and  fseces.  It  is  essential  to  the  processes  of  diges- 
tion, absorption,  circulation,  and  secretion,  and  is  the 
best  solvent  of  the  products  of  the  disintegration  of 
the  tissues.  Kain-water  is  pure,  containing  no  salts. 
Spring-water  is  charged  with  various  salts,  especially 
with  those  of  calcium,  sodium,  magnesium,  and  iron. 
It  contains  usually  but  little  oxygen,  whilst  it  is  rich 
in  CO3.  River-water,  like  the  foregoing,  is  potable, 
but  is  apt  to  become  contaminated  in  populous 
districts  with  excrementitious  products  and  the  refuse 
of  factories.  It  requires  in  such  cases  to  be  purified, 
which  may  generally  be  accomplished  by  boiling  it. 

Drinking-water  should  be  tasteless,  colourless,  and 
destitute  of  smell.  The  lime  salts  should  not  exceed 
20  parts  in  100,000  parts.  The  carbonates  constitute 
its  "temporary  hardness,"  and  can  be  removed  by 
boiling,  or  by  the  addition  of  milk  of  lime,  which 
reduces  the  bicarbonate  to  carbonate,  when  all  is 
precipitated.  The  sulphates  constitute  the  "  permanent 
hardness "  and  are  not  precipitated  by  boiling.  The 
pi-esence  of  organic  matter  may  be  ascertained  (1)  by 
evaporating  a  large  quantity  to  dryness  and  heating 
the  residue,  when  a  well-marked  discoloration  will  be 
perceived,  accompanied  with  the  smell  of  ammonia  ; 
(2)  by  the  addition  of  chloride  of  gold  and  potassium, 
which  gives  a  blackish  precipitate  ;  (3)  by  the  addition 
of  potassium  permanganate,  which  becomes  deoxidised 
and  decolorised  by  organic  matter.     By  Nessler's 
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reaction,  which  consists  in  the  addition  of  potassic 
mercuric-iodide  and  dilute  HCl  acid.  The  presence 
of  more  than  \\  gr.  of  common  salt  in  a  gallon  of 
water  indicates,  though  it  does  not  absolutely  prove, 
sewage  contamination.  This  quantity  scarcely  gives 
more  than  a  mere  cloudiness  with  nitrate  of  silver  in 
water  acidulated  with  nitric  acid,  and  a  specimen  of 
water  may  be  tested  by  filling  a  tumbler  with  it, 
adding  twenty  drops  of  nitric  acid  and  five  of  a 
solution  of  silver  nitrate.  If  there  is  more  than  a 
cloudiness,  common  salt  is  in  excess,  and  this  is 
probably  derived  from  urine.  Drinking  impure  water 
is  apt  to  produce  typhoid  fever,  and  to  favour  the 
spread  of  cholera,  dysentery,  and  other  pestilent 
diseases.  From  one  to  three  pints  per  diem  is 
sufficient  for  the  wants  of  the  economy. 

Beer  is  obtained  from  an  infusion  of  malt,  which 
has  undergone  fermentation,  and  to  which  hops,  or 
some  other  bitter,  has  been  added.  The  sp.  gr.  of 
English  beer  is  from  1010  to  1014.  The  percentage 
of  dextrin,  cellulose,  and  sugar  derived  from  the  malt 
is  from  4  to  15  per  cent.  The  hop  extract  is  in  much 
smaller  quantity.  The  alcohol  varies  from  1  to  10 
per  cent,  in  volume.  There  are  some  free  acids, 
chiefly  lactic,  acetic,  gallic,  and  malic.  Free  CO3, 
amounting  to  nearly  two  cubic  inches  per  ounce,  is 
usually  present.  Excess  in  its  consumption  leads  to 
gouty  and  bilious  disorders,  due  to  the  impaired 
elimination  of  the  products  of  disintegration. 

Wines  contain  from  6  to  26  per  cent,  of  alcohol 
by  volume ;  champagnes  contain  from  6  to  1 3  per 
cent.,  the  Rhine  wines  generally  about  10  per  cent., 
port  and  sherry  from  16  to  25  per  cent.  Many  wines 
are  fortified  by  the  addition  of  brandy  for  the  English 
market.  Besides  alcohol,  wine  contains  ethers  which 
are  mainly  instrumental  in  conferring  aroma  and 
flavour,  albuminous  and  colouring  matters,  sugar,  free 
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acids,  and  salts.  The  total  solids  vary  from  3  to  14 
per  cent. 

Spirits. — The  most  common  of  these  are  gin, 
rum,  brandy,  and  whisky,  which  should  contain  from 
50  to  60  per  cent,  by  volume  of  pure  alcohol,  but 
which,  when  sold  by  retail,  are  often  much  diluted. 

Alcohol  in  one  form  or  other  is  used  by  most  of 
the  civilised  nations  of  the  world  as  a  stimulant.  In 
small  quantities  and  in  a  diluted  condition  it  probably 
does  little  or  no  harm,  but  taken  in  excess  it  causes 
exhaustion,  and  leads  to  poverty  and  vice  and 
misery.  It  is  believed  that  under  ordinary  conditions 
of  exercise  and  respiratory^  activity  about  \\  ounce 
of  pure  alcohol  can  be  consumed  or  burnt  off  in  the 
economy  per  diem,  though  in  fresh  air  and  with  great 
muscular  exertion  a  much  larger  quantity  may  be 
consumed  without  harm.  When  an  excess  is  ingested, 
it  is  only  partially  oxidised  in  the  body,  and  the  pro- 
ducts are  partly  retained  in  the  system,  becoming  a 
fertile  source  of  disease,  and  are  partly  eliminated  by 
the  lungs  and  skin,  communicating  a  peculiarly  un- 
pleasant odour  to  the  breath.  Alcohol  in  any  form  is 
a  luxury,  and  is  not  necessary,  even  if  it  be  not 
injurious,  whenever  severe  mental  or  bodily  exertion 
is  required  to  be  made.  Its  place  as  a  drink  may  be 
advantageously  supplied  by  tea,  coffee,  or  cocoa. 

Tea. — Tea-leaves  contain  1  '8  per  cent,  of  thein, 
2-6  of  albumin,  9*7  of  dextrin,  22  of  cellulose,  15  of 
tannin,  20  of  extractives,  5*4  ash.  The  thein  is 
combined  with  tannic  acid.  The  drink  named  "tea" 
is  obtained  by  pouring  boiling  water,  free,  if  possible, 
from  lime  and  iron,  upon  tea-leaves,  which  yield  six- 
sevenths  of  the  soluble  matters  to  the  first  infusion. 
Tea  is  stimulant  and  restorative.  The  Russian 
method  of  taking  it  with  lemon  juice  instead  of  milk 
is  pleasant  and  wholesome. 

Coffee. — Coffee  berries  contain  1*7  per  cent,  of 
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cafFein,  34  per  cent,  of  cellulose,  10  to  13  of  fat. 
Sugar,  dextrin,  and  a  vegetable  acid  15 '5,  legumin  10 
per  cent.,  with  an  aromatic  oil  and  salts.  Coffee 
infusion  contains  most  of  the  caffein  or  thein.  Coffee 
is  a  stimulant  to  the  nervous  system,  and  in  excess 
augments  the  reflex  activity  of  the  spinal  cord. 

JUilk. — Milk  is  the  secretion  of  the  mammary 
glands,  the  activity  of  which  commences  at,  or  a  little 
before,  delivery,  continues  for  a  period  of  about  nine 
months,  and,  if  encouraged,  may  persist  for  a  much 
longer  period.  The  fluid  secreted  is  intended  for  the 
nourishment  of  the  infant,  and  contains  all  the 
materials  requisite  for  its  nutriment,  growth,  and 
development.  The  quantity  supplied  per  diem  varies 
from  1  to  3  pints.  Its  secretion  is  ordinarily  a  reflex 
act,  the  nervous  circle  being  sensory  branches  of  the 
intercostal  nerves,  a  nerve  centre  in  the  spinal  cord, 
and  motor  fibres  emanating  from  this  centre  to  the 
gland  ;  in  addition,  the  sympathetic  supplies  vaso- 
motor fibres.  It  is  certain  that  the  mind  exerts 
considerable  influence  upon  the  secretion,  both  in 
regard  to  quantity  and  quality.  The  sight  or  the  cry 
of  the  infant  causes  a  flow  of  blood  (termed  the 
"  draught  ")  to  the  breast ;  and  violent  emotions  may 
suppress  or  render  it  unwholesome. 

The  sp.  gr.  of  milk  varies,  but  is  normally  about 
1030.  It  contains  about  90  parts  per  cent,  of  water 
and  10  parts  of  solids,  of  which  proteids,  fat,  and 
sugar  each  constitute  about  three  parts,  and  the  salts 
\  part.  On  standing,  the  fat  gradually  rises,  as  cream, 
to  the  top ;  and,  if  churned^  the  albuminous  envelopes 
of  the  fat  globules  break  down,  and  the  oil-drops, 
running  together,  form  butter.  The  fats  of  the  milk 
globules  are  the  triglycerides  of  stearic,  palmitic, 
myristic,  oleic,  butyric,  and  other  fatty  acids.  The 
proteids  are  completely  precipitated  by  tannin.  They 
consist  chiefly  of  casein,  with  a  small  proportion  of 
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serum-  or  alkali-albumin.  Casein  is  a  form  of  albumin 
which  is  not  precipitated  at  100°  C,  but  is  thrown 
down  in  flocculi  on  the  addition  of  dilute  acetic  or 
hydrochloric  acid.  It  is  also  precipitated  by  the 
casein-ferment  of  the  stomach,  one  gramme  of  this 
ferment  being  capable  of  coagulating  30  litres  of 
milk.  When  thus  coagulated,  separated  from  the 
whey,  and  pressed,  it  forms  cheese.  The  plasma  of 
milk  contains,  besides  proteids,  traces  of  urea,  kreatin, 
lactic  acid,  and  milk  sugar. 

demonstration  of  the  constituents  of 
milk. — Add  a  few  drops  of  acetic  acid  to  some  cow's 
milk  in  a  beaker,  and  warm  the  mixture  gently  over 
a  spirit  lamp.  A  flocculent  coagulum  soon  begins  to 
form,  which  may  be  separated  from  the  fluid  by  filtra- 
tion. On  washing  the  coagulum  with  ether  the  butter 
is  dissolved,  and  the  casein  is  left.  The  butter  is 
obtained  by  evaporating  the  ether.  The  filtered 
liquid,  from  which  the  coagulum  has  been  separated, 
hould  be  boiled  to  precipitate  albumin,  filtered  to 
separate  it,  and  the  clear  fluid  may  then  be  treated 
with  Fehling's  solution,  20  cc.  of  which  correspond 
to  0*134  gramme  of  sugar  of  milk.  A  separate 
analysis  must  be  made  for  the  salts. 

Milk  sugar ^  which  may  be  obtained  by  evaporating 
filtered  whey,  forms  a  crystalline  mass  having  the 
composition  CgH^g^e- 

The  chief  salts  of  milk  are  sodium  and  potassium 
chloride,  calcium  and  magnesium  phosphate.  The 
potassium  salts  are  more  abundant  than  the  sodium 
salts. 

Colostrum  is  the  first  milk  secreted  after  delivery. 
It  contains  little  casein,  but  much  serum-albumin, 
and  fat.  It  also  contains  some  of  the  secreting  cells. 
It  has  a  slight  purgative  action. 

Selection  of  food. — The  principles  by  which 
we  should  be  guided  in  the  selection  of  food  are  that 
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it  should  be  digestible  and  wholesome,  varied,  mode- 
rately abundant,  and  economical.  The  power  which 
the  gastric  juice  possesses  of  arresting  putrefactive 
processes  enables  "  high "  game  and  decomposing 
cheese,  and  other  substances  that,  but  for  this  power, 
would  be  highly  deleterious,  to  be  taken  as  food ;  but 
it  is  doubtful  whether,  if  taken  in  excess,  they  would 
not  prove  harmful,  and  there  is  much  evidence  to 
prove  that  the  constant  consumption  of  decomposing 
tish  in  hot  climates  is  associated  with,  if  not  pro- 
ductive of,  leprosy. 

Food  should  be  varied^  since  the  persistent  use  of 
any  particular  kind  breeds  disgust,  which  is  only 
overcome  by  absolute  hunger,  and  would  probably  in 
no  case,  though  it  might  enable  life  to  be  sustained, 
supply  the  necessary  materials  for  the  best  mental  or 
bodily  work. 

When  food  can  be  obtained,  and  is  consumed  by 
an  animal  in  larger  quantity  than  is  required  to  supply 
the  wants  of  the  economy,  a  portion  of  it  is  directly 
oxidised,  constituting  what  has  been  named  luxus 
consumption^  whilst  another  portion  is  stored  up  in 
various  organs  and  tissues.  The  deposits  of  fat,  and 
the  accumulation  of  glycogen  in  the  liver,  are  well- 
marked  examples  of  this,  and  the  portion  so  stored 
up  is  again  utilised  in  the  generation  of  heat  and 
nervo-muscular  activity  when  food  is  scarce,  or  when 
unusual  and  sustained  efforts  have  to  be  made. 

In  regard  to  quantity^  it  would  seem  to  be  the 
practice  in  all  nations  where  food  can  be  readily 
obtained  that  much  more  material  is  consumed  than 
is  absolutely  required  on  theoretical  grounds.  When 
it  is  scarce,  curiously  innutritious  substances  are  some- 
times used,  as  in  the  case  of  the  silicious  clay  con- 
sumed by  the  dirt-eating  Ottomans,  who  when 
Humboldt  asked  why  they  took  it  replied,  We  do 
not  know,  but  the  stomach  must  be  filled." 
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In  regard  to  economy  much  may  be  said.  Mole- 
schott  found  that  a  strong  and  active  adult  soldier 
required  per  diem  : 


Albumin  . 
Fat  . 

Starch,  sugar,  etc. 
Salts  . 
Water 

Total 

The  total  nitrogen  is  here 
„       carbon  „ 


130  grammes. 

84  „ 
404 

30  „ 
2,800  „ 

3,448  „ 
.    20-2  grammes. 
.  320 


The  proportion  of  N  to  0  is  therefore  as  1  :  15. 
That  diet  will  accordingly  be  most  economical  in 
which  this  proportion  is  observed,  providing  only 
that  it  is  equally  digestible.  Moleschott  has  placed 
side  by  side  the  relative  quantities  of  the  chief 
substances  which  will  afford  to  the  consumer  the  130 
grammes  of  albumin  he  requires,  as  follows  : 


Cheese 
Peas 
Beef 
Eggs 


Grammes. 
.  388 
.  582 
.  614 
.  968 


Wheaten  bread 
Rice  . 
Rye  bread  . 
Potatoes 


Grammes. 
.  1,444 
.  2,562 
.  2,875 
.  10,000 


It  is  obvious  from  this,  that,  if  cheese  be  compared 
with  potatoes,  a  much  smaller  quantity  (twenty  times 
less)  is  required  to  supply  him  with  the  necessary  130 
grammes  of  albumin  with  cheese  than  with  potatoes, 
and  that  consequently  he  must  in  the  latter  case  con- 
sume an  immense  amount  of  superfluous  nourishment. 

In  like  manner,  to  obtain  the  404  grammes  of 
carbohydrates  that  he  requires,  he  must  consume 


Rice 

Wheat  bread 
Lentils  . 
Peas 
Eggs  . 


Grammes. 
572 
625 
806 
819 
902 


Rye  bread 
Cheese 
Potatoes 
Meat  . 


Grammes. 

930 
.  2,011 
.  2,039 
2,261 
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That  is,  he  need  only  take  a  moderate  amount  of 
rice,  but  must  take  a  very  large  quantity  of  meat  to 
obtain  it.  Hence,  as  common  experience  shows,  the 
most  economical  diet  is  when  he  consumes  bread  with 
meat  or  cheese,  or  takes  some  highly  albuminous 
compound  with  potatoes  or  rice.  Nevertheless  there 
are  some  nations  who  live  habitually  and  almost  ex- 
clusively on  flesh,  on  fisii,  or  on  vegetables. 

Diet  and  dietaries.— The  diet  of  different 
classes  in  the  community  varies  with  the  amount  and 
kind  of  work  they  have  to  perform ;  and  it  is  often  a 
matter  of  importance,  not  only  to  determine  what  is 
sufficient,  but  also  what  is  least  expensive.  The 
general  statement  may  be  made  that  the  healthy 
adult  man  performing  ordinary  work  requires  more 
proteids  and  more  carbon  than  one  who  is  at  rest. 
If,  as  in  poor-houses  and  in  prisons,  men  do  little 
work,  they  require  less  proteids,  though  the  carbon 
cannot  be  materially  reduced  ;  for,  as  we  have  seen, 
about  eight  or  nine  ounces  are  given  off  by  the  lungs, 
in  the  form  of  carbonic  acid,  by  the  healthy  adult, 
and  this  is  chiefly  derived  from  the  carbohydrates  and 
oily  substances  he  consumes.  Boys  about  ten  years 
of  age  and  women  require  about  three-fourths  the 
quantity  of  carbon  and  about  one  half  the  quantity  of 
flesh-formers  consumed  by  healthy  men.  The  following 
may  be  regarded  as  average  dietaries  for  different  ages : 

(1)  In  infancy. — The  infant  should,  if  possible, 
be  fed  with  the  milk  secreted  by  the  mother.  It 
requires  from  two  to  three  pints  in  the  twenty-four 
hours,  which  should  be  given  at  intervals  of  three 
hours.  If  fed  at  night  at  about  ten  o'clock,  and 
then  kept  warm,  it  will  often  sleep  through  the  night. 
Where  the  mother  is  unable  to  feed  the  infant,  the 
milk  of  the  cow,  ass,  ewe,  or  goat  may  be  substituted. 
If  cow's  or  ewe's  milk  be  used,  since  both  are  richer 
than  human  milk,  i.e.  contain  more  casein  and  butter. 
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but  are  less  sweet,  one-third  water  and  a  little  sugar 
may  be  added  to  each.  If  artificial  feeding  be  adopted, 
great  care  should  be  taken  that  the  milk  is  fresh,  the 
vessels  sweet  and  clean,  and  the  temperature  at  which 
it  is  given  uniform  and  about  100°  F.  When  milk 
cannot  be  obtained,  good  beef -tea  may  be  given,  and 
the  fat  should  not  all  be  removed.  After  from  six  to 
ten  months'  feeding  at  the  breast,  the  child  requires 
some  additional  food,  which  may  be  bread  or  arrow- 
root and  milk,  or  puddings  made  with  milk,  eggs, 
flour,  arrowroot,  sago,  tapioca,  semolina,  or  cornflour. 
The  intervals  between  the  meals  should  be  about 
three  hours.  In  the  course  of  the  second  year,  porridge 
may  be  given  at  breakfast,  and  a  little  finely  cut-up 
fresh  meat  and  bread,  with  gravy,  may  be  given  at 
dinner. 

T.  Foster  found  that  the  daily  food  of  a  well- 
nourished  child,  aged  18  months,  contained  albumin, 
36  ;  fat,  27  ;  carbohydrates,  151. 

(2)  In  youth. — Breakfast  should  consist  of  milk  or 
tea  or  cofiee,  with  bread  and  eggs,  or  bacon,  or  fresh 
fish,  and,  if  liked,  porridge.  Dinner  should  not  be 
postponed  to  a  later  hour  than  1.30,  and  should  con- 
sist of  plain  boiled  and  roast  meat  (occasionally  ex- 
changed for  fish),  potatoes,  or  other  thoroughly-cooked 
vegetable,  and  some  farinaceous  pudding,  with  water 
for  drink.  The  evening  meal  may  consist  of  bread- 
and-butter  and  tea.  Children  under  ten  should  be  in 
bed  by  9  p.m.  No  work  should  be  exacted  in  the 
morning  before  food. 

Hildesheim  estimated  that  children  from  6  to  10 
years  of  age  consumed  albumin,  69  ;  fat,  21  ;  carbo- 
hydrates, 210.  C.  Yoit  found  in  one  of  the  public 
institutions  at  Munich,  children  from  10  to  15  con- 
sumed daily  79  albumin,  35  fat,  and  251  carbohydrates. 
A  child  10  or  11  years  of  age  weighs  about  23  kilo- 
grammes. 
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The  following  represents  a  sufficient  diet  for  a 
healthy  man  -performing  a  moderate  amount  of  work  : 

Breakfast. — Three-quarters  of  a  pint  of  milk ;  quarter  of  a 
pint  of  water,  with  coffee  or  tea;  bread,  four  ounces  to 
six  ounces ;  butter,  three-quarters  of  an  ounce  ;  sugar, 
three-quarters  of  an  ounce ;  bacon,  three  ounces ;  or  eggs, 
four  ounces ;  or  cooked  meat,  three  ounces. 

Dinner. — Cooked  meat,  four  ounces  to  six  ounces ;  potatoes, 
eight  ounces ;  bread,  three  ounces  to  four  ounces ;  pudding, 
eight  ounces ;  cheese,  half  an  ounce ;  soup,  six  ounces ; 
water  or  beer,  half  a  pint. 

Tea. — Water  with  tea,  three-quarters  of  a  pint ;  sugar,  three- 
quarters  of  an  ounce ;  milk  or  cream,  two  ounces ;  bread, 
three  ounces ;  butter,  half  an  ounce  to  three-quarters  of  an 
ounce. 

Supper. — Milk,  three-quarters  of  a  pint ;  oatmeal,  one  ounce ; 
and  bread,  three  ounces  to  four  ounces ;  or  eggs,  four 
ounces;  or  cooked  meat,  three  ounces;  and  bread,  three 
ounces ;  butter  or  cheese,  half  an  ounce ;  water  or  beer, 
half  a  pint. 

The  consumption  of  albumin  for  an  adult  amounts 
in  the  24  hours  to  about  2  grammes  of  albumin  for 
each  kilogramme  of  body- weight,  and  for  the  growing 
child  to  34,  or  70  per  cent.  more. 

When  training  for  athletics  the  object  is  to 
diminish  superfluous  fat  and  water  and  to  effect  the 
full  nutrition  of  the  nervo-muscular  apparatus  ;  and 
these  results  are  accomplished  partly  by  judicious 
feeding,  partly  by  exercise.  King,  a  well-known 
prize  fighter,  when  in  training  ate  for  breakfast  two 
chops,  with  dry  toast  or  stale  bread,  and  one  cup  of 
tea,  without  butter  or  sugar  (the  two  last  were  pro- 
bably unnecessary  restrictions) ;  for  dinner,  one  pound 
to  one  pound  and  a  quarter  of  fresh  beef  or  mutton, 
toast  or  stale  bread,  a  little  potato  or  greens,  and  half 
a  pint  of  dry  old  ale  ;  for  tea,  one  cup  of  tea,  an  egg, 
and  dry  toast ;  and  for  supper,  gruel  or  half  a  pint  of 
old  ale.  The  exercise  consisted  in  gentle  and  fast 
walking  to  the  extent  of  at  least  twenty  miles  per 
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day,  and  special  exercise  in  rowing  or  boxing,  to 
develop  certain  sets  of  muscles. 

In  old  age  less  food  is  required  than  in  adult  life ; 
the  work  done  is  less,  and  the  nutrition  of  the  tissues 
is  much  less  active.  The  diet  should  be  plain,  and 
the  staple  must  be  milk  and  eggs,  meat,  and  bread, 
whilst  wine  may  in  most  instances  be  taken  with 
advantage  to  the  extent  of  from  four  to  eight  ounces 
daily. 

Hiet  in  sicltiiess. — The  due  selection  of  appro- 
priate food  in  sickness  is  often  a  most  important  as 
well  as  a  most  difficult  part  of  the  duty  of  the  physi- 
cian. Those  who  are  accustomed  to  abundant  and 
varied  food  are  often  made  to  understand  with  diffi- 
culty that  change  of  conditions  requires  a  change  in 
diet ;  that  a  man  who  is  confined  to  the  sick-bed, 
and  whose  muscular  and  mental  effbrts  are  reduced  to 
a  minimum,  in  whom  all  the  vital  processes,  digestion, 
circulation,  and  respiration,  are  carried  on  with  much 
less  energy  than  usual,  and  who  loses  comparatively 
little  heat,  requires  a  relatively  small  supply  of  food, 
and  that  this  supply  should  consist  of  thoroughly 
wholesome,  easily  digestible,  and  nutritious  material. 
If  food  of  the  opposite  nature  be  taken,  it  escapes 
digestion  in  the  stomach,  or  long  remains  in  it  undi- 
gested, and  becomes  a  source  of  irritation  as  it  travels 
through  the  long  tract  of  the  intestines.  At  the  same 
time  it  must  be  remembered  that  the  internal  work 
of  the  economy,  though  reduced  in  amount,  is  still 
performed.  In  absolute  fasting,  150  grains  or  more 
of  urea,  representing  nearly  half  that  weight  in  nitro- 
gen, are  still  discharged  from  the  body  by  the  urine, 
whilst  a  correspondingly  reduced  amount  of  carbonic 
dioxide  and  water  are  eliminated  by  the  lungs.  Even 
in  absolute  fasting  the  heat  of  the  body  must  be 
maintained  at  or  near  38*  C.  These  losses  must  be 
made  good.    Hence,  care  must  be  taken  that  the  food 
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contains  a  due  supply  both  of  nitrogen  and  carbon. 
Milk  and  its  preparations,  though  not  suitable  for  all 
persons,  nor  under  all  conditions,  are  yet,  as  a  rule, 
the  best  that  can  be  given,  since  they  are  appropriate 
for  the  digestive  powers  of  the  tenderest  infant,  and 
unite  in  themselves  all  the  conditions  of  a  perfect  food. 
Eggs  in  like  manner,  beaten  up  with  hot  coffee  and 
with  milk,  supply  the  necessary  materials  for  nutrition. 
So,  too,  the  farinaceous  foods,  arrowroot,  sago,  rice, 
potatoes,  and  the  like,  when  made  with  milk,  are 
eminently  digestible  and  wholesome ;  common  ex- 
perience has  dictated  the  addition  of  milk,  since  they 
are  almost  completely  deficient  in  nitrogen  and  in 
salts.  Beef-tea  or  mutton  broth,  flavoured  with 
onions  or  other  vegetables,  is  useful ;  but  it  must  be 
borne  in  mind  that  it  contains  very  little  nutritive 
material,  and  the  same  may  be  said  of  the  various 
essences  of  meat.  An  ox  may  be  boiled,  in  a 
sufficiency  of  water  to  cover  it,  to  rags,  and  the  water 
may  be  evaporated  till  it  occupies  no  greater  bulk 
than  is  represented  by  a  few  small  tins,  but  it  is 
obvious  that  the  concentrated  essence  divided  amongst 
a  party  of  fifty  men  would  satisfy  their  wants  very 
imperfectly  as  compared  with  a  division  of  the 
original,  mass  of  meat.  Such  concentrated  food  can 
only  be  regarded  as  a  temporary  supply  containing  a 
considerable  quantity  of  nitrogen,  but  wholly  in- 
adequate to  maintain  life  for  any  length  of  time. 
Where  very  concentrated  food  is  required,  the  ex- 
pressed juice  of  fresh  meat  may  be  used.  Liebig  has 
suggested  a  mixture  for  those  whose  digestion  is 
weak,  which  is  unexceptionable  in  composition.  It 
consists  of  17  "5  parts  of  fine  flour,  17*5  parts  of  finely 
ground  malt,  30  drops  of  a  mixture  containing  8  parts 
of  water  and  1  part  of  potassium  carbonate,  175  parts 
of  milk,  and  32  parts  of  water.  The  mixture  is  kept 
at  60^  to  70^  C.  for  some  time,  till  the.  starch  is 
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converted  by  the  malt  into  sugar,  then  boiled  and  passed 
through  a  hair  sieve.    The  taste  is  pleasantly  sweet. 

In  sickness,  as  a  rule,  raw  vegetables,  lettuces, 
celery,  and  fruits,  should  be  forbidden ;  they  are 
bulky,  generate  gases,  and  are  not  very  nutritious. 
The  due  administration  of  alcohol  requires  experience. 
Its  chief  use  is  to  rouse  the  flagging  energy  of  the 
nervous  system  and  of  the  heart,  and  to  act  tempo- 
rarily as  a  substitute  for  food.  In  fevers,  and  some 
other  exhausting  diseases,  food  must  be  given  at  short 
intervals  through  the  night,  but,  as  a  rule,  the  ad- 
ministration of  food  at  night,  and  at  unusual  hours, 
is  not  required. 

Balance  of  the  economy. — Man  requires,  as 
a  rule,  a  diet  in  which  the  nitrogenous  is  to  the  non- 
nitrogenous  substances  as  1  :  4.  It  may  be  remembered 
further  that  the  nutritive  value  of  fat  as  compared 
with  the  carbohydrates  (starch  and  sugar)  is  as  10 :  17. 

Yierordt,  who  was  of  light  weight,  has  given  a 
table  in  which  the  proportions  derived  from  experi- 
ments on  himself  are  slightly  different  from  that 
stated  above,  but  which  shows  well  the  balance  of  the 
economy,  or  the  relation  of  the  income  of  the  body 
to  the  expenditure.    It  is  as  follows  : — 


An  Adult  with  Moderate  Work  Consumes 


C 

H 

0 

1 20  grammes  of  albumin  containing 

64-18 

8-60 

18-88 

28-34 

90        „        fat  „ 

70-20 

10-26 

9-54 

330        „        starch  „ 

146-82 

20-33 

162-85 

281-20 

39-19 

18-88 

200-73 

To  this  must  be  added  744*11  grammes  of  O  absorbed 
from  the  air  in  respiration;  2818  grammes  of  water 
consumed  as  drink,  and  32  grammes  of  inorganic  com- 
pounds (salts) ;  the  whole  weighing  about  3^  kilos,  or 
about  one-twentieth  part  of  body-weight. 
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An  Adult  with  Moderate  Work  gives  off 


Q 

N 

Q 

By  respiration 
By  transpiration 
By  urine 
By  faeces 

Grammes 

660 
1,700 
128 

248*8 
2-6 
9-8 
20-0 

3-3 
3-0 

15-8 
3-0 

/2  Si  .1  K 

7-2 
11-1 
120 

2,818 

281-2 

6-3 

18-8 

681-45 

To  this  must  be  added  296  grammes  of  water,  which 
is  formed  by  the  union  of  oxygen  with  hydrogen  of 
the  food  in  the  body.  This  would  contain  32-89 
grammes  of  H,  and  263-41  of  O.  Twenty-six  grammes 
of  salts  are  also  eliminated  with  the  urine,  and  six  in 
the  faeces. 

The  balance  of  the  economy  requires  further  to 
be  considered  under  the  heads  :  (1)  Of  inanition;  (2) 
of  insufficient  supply  ;  (3)  of  excessive  supply. 

(1)  In  inanition^  although  no  food  is  taken,  the 
animal  continues  to  take  oxygen  into  the  system  by 
the  lungs,  and  to  expire  carbonic  acid  gas  by  the  same 
channel  and  by  the  skin.  It  still  gives  off  urea  by 
the  kidneys.  It  maintains  in  temperate  climates  a 
temperature  much  above  that  of  the  surrounding  air. 
These  phenomena  indicate  that  processes  of  oxidation 
continue,  and  as  no  supplies  are  introduced  from  with- 
out, it  is  clear  that  the  animal  must  live  upon  its  own 
tissues,  after  the  surplus  store  has  been  used  up,  and 
that  even  though  it  may  be  naturally  a  vegetable 
feeder,  it  is  now  a  carnivore.  As  might  be  expected, 
those  tissues  which  most  readily  combine  with  oxygen 
are  the  first  to  waste.  The  fat,  for  example,  quickly 
disappears,  and,  ceteris  'paribus^  the  fatter  the  animal, 
the  longer  is  it  able  to  sustain  complete  deprivation 
of  food.  Gradually,  however,  the  albuminous  con- 
stituents are  more  and  more  drawn  upon,  and  the 
muscular  tissue,  the  solid  organs  of  the  body,  as  the 
L— 5 
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liver,  spleen  and  kidneys,  the  skin,  and  nervous 
system,  contribute  their  portion  of  nutritious  matter 
to  preserve  life.  With  the  reduction  of  the  mass  of 
the  body  all  the  processes  of  life  are  conducted 
more  feebly,  and  the  loss  of  weight  is  much  slower  as 
the  term  of  life  is  approached.  It  is  estimated  that 
for  each  kilo  of  body- weight  the  loss  of  weight  in  man 
on  the  second  day  of  fasting  amounts  to  0'13  gramme 
of  nitrogen,  and  2' 5 9  grammes  of  carbon,  or  upon  the 
whole  he  loses  about  50  grammes  of  albumin  per 
diem.  The  appearances  presented  in  cases  of  inanition 
correspond  with  the  physiological  conditions.  The 
body  becomes  lean  and  angular  ;  the  eyes  sunken  ; 
the  cheeks  hollow  from  the  loss  of  fat ;  the  nerves 
and  muscles  lose  their  powers  ;  the  mental  faculties 
become  clouded,  and  delirium  may  occur ;  the  gait  is 
tottering ;  the  secretions  fail ;  the  mouth  is  dry  \ 
sordes  collect  on  the  lips ;  the  urine  is  scanty  and 
turbid ;  the  stomach  usually  contains  a  little  acid 
fluid,  and  the  gall  bladder  is  full  owing  to  the  accumu- 
lation of  the  bile,  which,  though  slowly  secreted,  is  no 
longer  required  for  digestion  ;  the  temperature  slightly 
falls,  especially  towards  the  close  of  life.  Death 
usually  ensues  in  man  at  the  close  of  the  third  week, 
when  the  body  has  lost  nearly  half  its  weight. 
Examination  of  the  body  shows  that  the  fat  has 
almost  wholly  disappeared ;  the  liver  and  spleen  have 
lost  more  than  half  their  weight ;  the  muscles  one- 
third  ;  the  kidneys  one-fourth.  The  brain  and  heart, 
however,  continue  to  be  nourished  at  the  expense  of 
the  rest  of  the  economy,  the  brain  only  losing  one- 
tenth  of  its  normal  weight,  and  the  heart  only  one- 
fortieth  part.  Access  to  water  and  high  surrounding 
temperature  permit  life  to  be  considerably  prolonged, 
probably  by  enabling  the  blood  to  absorb  the  waste 
products  of  the  tissues,  and  by  promoting  their 
combustion. 
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(2)  Akin  to  inanition  is  an  insufficient  diet  : 
and  this  may  be  of  two  kinds,  one  in  which  the 
quantity  of  appropriate  food  is  inadequate  to  sus- 
tain the  body,  and  another  in  which  the  diet  is 
limited  to  a  particular  aliment,  as  fat,  starch,  sugar, 
gum,  or  albumin.  It  is  clear  that  the  first  four 
substances  cannot  supply  the  wants  of  the  economy  ; 
for  they  contain  no  nitrogen,  which  is  an  essential 
element  in  the  composition  of  the  nervous,  muscular, 
glandular,  and  other  tissues,  and  the  animal  body  is 
incapable  of  assimilating  the  nitrogen  of  the  atmo- 
sphere. The  utmost,  therefore,  that  an  exclusive  diet 
of  fat  or  of  farinaceous  or  saccharine  substances  can 
do,  is  to  spare  the  consumption  of  the  fat  and  proteids 
of  the  animal's  own  body,  and  to  permit  these  sub- 
stances to  be  otherwise  applied,  and  by  combining 
with  oxygen  to  maintain  the  temperature.  The  want  of 
some  nitrogenous  food  is  soon  perceived,  and,  after  a 
brief  period,  the  fat  or  starch  is  refused.  An  exclu- 
sive diet  of  albumin  would  seem  at  first  sight  to  be 
possible,  since  albumin  contains  nitrogen,  and,  there 
is  reason  to  believe,  is  capable  of  breaking  up  in  the 
body  into  nitrogenous  and  non-nitrogenous  compounds, 
the  former  of  which  supply  nourishment  to  the  tissues, 
whilst  the  remainder,  amounting  to  50  per  cent,  of 
the  weight  of  the  albumin,  may  be  regarded  as  fat, 
and  can  be  applied  to  the  maintenance  of  heat.  But, 
as  with  starch  or  fat,  the  use  of  albumin  as  a  single 
article  of  diet  soon  produces  an  unconquerable  aversion 
to  it,  and  the  subject  of  the  experiment,  whether 
animal  or  man,  turns  away  from  it  with  disgust. 

(3)  When  food  is  taken  in  excess  of  the  require- 
ments of  the  economy,  the  body  increases  in  weight 
up  to  a  certain  point,  and  fat  is  deposited  ;  and  this 
tendency  may  be  intensified  by  hereditary  predisposi- 
tion, by  diminished  activity  of  mind  and  body,  and 
by    cessation    of   the   reproductive   functions.  A 
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tendency  to  corpulency  may  best  be  met  by  exercise 
and  by  reducing  the  quantity  of  food,  and  especially 
of  the  saccharine  or  farinaceous  and  oily  substances. 

Orig-in  and  uses  of  fat. — Fat  is  ingested  into 
the  body  as  fat  or  oil  in  many  kinds  of  food.  It 
constitutes  a  large  proportion  of  the  weight  of  all 
ordinary  meat.  It  is  taken  in  the  pure  form  in 
butter,  and  in  the  oil  which  is  so  extensively  used  in 
cooking.  It  forms  from  2  to  18  per  cent,  of  milk,  12 
per  cent,  of  eggs,  and  in  small  proportion  it  enters 
into  the  composition  of  bread,  oatmeal,  and  the  pre- 
paration of  other  cereals.  It  was  formerly  thought 
that  the  supply  of  fat  in  the  food  was  sufficient  to 
account  for  all  that  was  deposited  in  the  tissues,  and 
there  can  be  little  doubt  that  the  system  can  rapidly 
seize  upon  and  apply  ingested  fat  to  its  own  use. 

Thus,  in  one  experiment  recorded  by  Hofmann, 
a  dog  was  kept  without  food  for  a  month,  during 
which  time  its  weight  had  fallen  from  about  26*5 
kilos  to  about  10 '5  kilos;  it  was  then  fed  with  large 
quantities  of  bacon  fat  for  five  days.  In  this  period 
1854  grammes  of  fat  were  absorbed  from  the  intestine, 
and  1353  were  retained  in  the  body.  The  fat  passed 
very  rapidly  through  the  blood  and  entered  the  tissues, 
as  was  shown  by  the  circumstance  that  100  grammes 
of  the  blood  of  the  fattened  animal  contained  only 
0*08  gramme  of  fat;  which  corresponded  to  0*97 
gramme  in  the  entire  mass  of  blood  in  the  animal, 
whilst  in  the  liver  alone  66  grammes  of  fat  had  been 
deposited.  Fat  does  not  appear  to  be  directly 
deposited  in  the  condition  in  which  it  is  ingested  into 
the  body,  but  in  most  cases  undergoes  a  process  of 
elaboration  and  some  kind  of  chemical  change,  since, 
when  fat,  presenting  characters  that  enable  it  to  be 
easily  distinguished,  is  administered  with  the  food,  it 
cannot  be  recognised  as  forming  part  of  the  adipose 
tissue  of  the  animal,  though  an   increase   in  the 
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quantity  of  fat  in  the  body  may  have  been  the  result 
of  its  ingestion.  To  give  an  example  :  in  an  experi- 
ment made  by  Radziejewski,  a  dog,  previously  made 
lean  by  a  spare  diet  of  meat,  was  supplied  with  rape 
oil,  one  constituent  of  which,  erucic  acid,  does  not 
occur  normally  in  animal  fat ;  the  dog  increased  in 
weight,  and  fat  was  deposited  beneath  the  skin,  in 
the  muscles,  and  in  the  body  generally,  but  no  eruca 
fat  could  be  discovered  in  the  newly- deposited  fat. 
Spermaceti  has  been  given  experimentally  in  the 
same  way  with  the  same  result.  Late  researches 
have,  however,  shown,  that  although  part  of  the  fat 
may  be  derived  directly  from  the  food,  yet  that  in 
many  cases,  especially  in  milch  cows,  in  pigs,  and  in 
geese,  thirty,  forty,  fifty,  or  more  parts  per  cent,  of 
the  fat  so  largely  formed,  and  either  deposited  or 
secreted  by  these  animals,  must  be  derived  from  other 
sources,  these  sources  being  either  the  carbohydrates 
or  the  proteids. 

Orig^in  of  fat  from  the  carboliydrates. — 
If  a  comparison  be  made  between  the  chemical  com- 
position of  fats  and  the  starches,  it  will  be  found  that 
whilst  the  C  and  the  H  are  nearly  in  the  same  pro- 
portion, the  oils  contain  a  much  smaller  proportion 
of  oxygen;  and  hence,  if  by  any  means  oxygen  is 
eliminated  from  the  starches,  it  is  possible  to  obtain  a 
substance  with  the  composition  of  fat.  In  the  process 
of  alcoholic  fermentation,  such  a  decomposition  of  a 
compound  molecule  into  two  molecules,  one  of  which 
is  rich  in  oxygen,  the  other  poor,  is  seen.  The  highly- 
oxidised  compound  is  OOg,  the  poorly-oxidised  is 
alcohol,  CgHgO.  A  similar  kind  of  decomposition  is 
observed  when  starch  is  fermented  with  cheese  and 
chalk;  alcohol  and  lactic  and  butyric  acids  then  appear, 
the  latter  of  which  belongs  to  the  fatty  series.  In  many 
plants  again,  which  possess  oily  seeds,  the  production 
of  the  oil  as  the  seed  ripens  is  accompanied  by  a  pro- 
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gressive  and  parallel  diminution  of  starch.  In  animals 
of  carnivorous  habits,  which  take  little  non-nitrogenous 
food,  the  production  of  fat  is  insignii&cant ;  but  when 
these  animals  are  fed  on  mixed  diet  they  soon  deposit 
fat  in  their  tissues ;  and  since  the  fat  which  each 
animal  forms  and  accumulates  is  special  and  peculiar 
to  itself,  and  does  not  pre-exist  in  the  food,  there  is 
some  primd  facie  evidence  that  it  is  derived  from 
the  decomposition  and  chemical  changes  taking  place 
in  the  carbohydrates.  Further  evidence  that  fats  may 
be  produced  in  the  animal  organism  from  the  carbo- 
hydrate is  obtained  from  the  fact  that  bees  maintain 
their  health  and  weight,  and  yet  supply  wax  for  their 
cells,  when  fed  on  pure  honey  or  sugar,  free  from 
wax  ;  and  men  employed  in  sugar  plantations  become 
fat  during  the  harvest  of  the  canes,  when  they  con- 
sume much  sugar.  From  a  chemical  point  of  view, 
however,  the  transformation  of  starch  or  sugar  into 
fat  is  difficult  to  explain ;  it  probably  only  takes  place 
to  a  small  extent  in  carnivora ;  and  it  has  been  ob- 
served that  if  the  proteids  are  entirely  absent  from 
their  food,  even  bees  cease  to  form  wax. 

Orig^in  of  fat  from  proteids.— Many  facts 
tend  to  prove  that  fat  may  be  derived  from  the  dis- 
integration of  the  proteids.  In  the  first  place,  when 
albuminous  compounds,  such  as  casein,  are  treated 
with  caustic  potash,  or  are  allowed  to  putrefy,  various 
members  of  the  series  of  fatty  acids  make  their  ap- 
pearance, such  as  butyric,  lactic,  valerianic,  caproic, 
caprylic,  and  capric  acids.  Secondly,  under  certain 
not  well-understood  conditions  the  muscles  and  other 
azotised  constituents  of  the  body  become  converted 
into  adipocere,  which  is  composed  of  the  lime  and 
ammonia  soaps  of  the  higher  fatty  acids.  Thirdly,  a 
kind  of  fatty  infiltration  or  degenerative  process  ap- 
pears to  take  place  when  albuminous  compounds  'are 
introduced  and  retained  in  the  peritoneal  cavity  of 
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living  animals.  Fourthly,  Burdach  has  shown  that 
in  some  animals  the  dried  substance  of  the  completely 
developed  egg  contains  three  times  more  fat  than  that 
of  the  egg  just  discharged  from  the  ovary,  the  propor- 
tion of  albumin  being  at  the  same  time  considerably 
diminished  ;  and  this  late  appearance  of  fat  seems  to 
show  that  it  plays  a  comparatively  minor  part  in  the 
earlier  and  more  vigorous  period  of  developmental 
activity,  and  that  it  is  associated  with  a  period  of  arrest 
of  activity,  or  at  least  with  slower  changes  in  the 
chemical  processes.  Fifthly,  in  phosphorus  poisoning 
there  is  a  greatly-increased  disintegration  of  the  albu- 
minous constituents  of  the  body,  whilst  the  absorption 
of  oxygen  and  elimination  of  COg  are  diminished,  yet 
simultaneously  there  is  a  great  accumulation  of  fat  in 
the  body.  The  conclusion  is  therefore  drawn  that  the 
proteids  are  decomposed  into  nitrogenous  and  non- 
nitrogenous  substances,  one  of  the  latter  being 
the  fat  that  is  stored  up,  and  which,  perhaps,  spares 
the  consumption  of  the  carbohydrates.  Lastly,  in 
Pettenkofer  and  Yoit's  researches  good  evidence  was 
obtained,  that  whilst  almost  all  the  nitrogen  given  to 
well-fed  dogs  in  their  meat  reappeared  in  the  urine,  a 
large  proportion  of  the  carbon  was  retained  in  the  body  ; 
and  in  bitches  giving  milk  the  largest  percentage  of 
fat  in  the  milk  was  obtained  when  the  animals  were 
fed  on  meat,  no  increase  occurring  when  fat  was  added 
to  the  food.  Yoit  believes  that  the  proteids  are  capable 
of  furnishing  51 '4  per  cent,  of  their  weight  of  fat. 

Additional  evidence  of  the  formation  of  fats  from 
the  proteids  may  be  adduced  in  the  formation  of  fat 
at  the  expense  of  casein  in  Roquefort  cheese  \  and  it 
may  be  further  shown  that  the  larvae  of  flies,  placed 
on  coagulated  blood,  which  contains  but  little  fat, 
generate  in  the  course  of  a  few  days  ten  times  more 
fat  than  before. 

It  is  not  difficult  to  trace  the  changes  the  fats 
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undergo  when  introduced  into  the  body  till  they  reach 
the  blood  through  the  lymphatic  system,  but  their 
subsequent  destination  or  career  has  not  been  ascer- 
tained. That  they  are  absorbed  by  the  lacteals  there 
can  be  no  doubt,  and  Hoppe  Seyler  remarks  that 
although  the  current  in  the  lymphatics  leading  from 
the  intestines  is  always  greater  after  food  than  in  the 
fasting  condition,  yet  the  current  in  the  thoracic  duct 
is  really  strong  in  the  living  dog  only  when  fat  has 
been  consumed.  ^  He  found  that  in  what  he  regarded 
as  normal  chyle  in  the  thoracic  duct,  the  proportion 
of  fat  was  7*2  in  1,000  parts,  and  of  soaps  2*35  ; 
but  another  observer  has  found  it  to  vary  from  2*5  to 
the  minimum  quantity  of  1*46  per  1,000  (Zawilski). 
The  serum  of  blood  withdrawn  from  the  body  after  a 
meal  containing  much  fat  is  cloudy  from  fat  molecules, 
probably  from  the  entrance  of  the  chyle  which  has 
traversed  the  lacteals,  lymphatic  glands,  and  thoracic 
duct ;  but  the  serum  soon  becomes  clear  again,  and, 
as  a  rule,  contains  little  or  no  fats  or  soaps.  A  re- 
markable reduction  in  the  quantity  of  fat  in  the  blood 
takes  place  during  its  passage  through  the  liver,  one 
analysis  showing  that  the  quantity  of  fat  in  the  portal 
venous  blood  was  5*75  per  1,000,  whilst  in  the  hepatic 
venous  blood  of  the  same  animal  it  had  become  reduced 
to  0*97  per  1,000  (Drosdoff) ;  and  it  is  well  known 
that  with  abundant  food  and  little  exercise  the  liver 
has  a  tendency  to  store  up  fat ;  the  average  weight  of 
the  liver  of  a  goose,  for  example,  is  57  grammes,  but 
when  fed  on  maize  and  kept  in  confinement  it  rises  to 
500  grammes,  the  increase  being  chiefly  due  to  the 
augmentation  in  the  fat. 

Pliysiolog:ical  value  of  fat.— Fat  fulfils  many 
purposes  in  the  animal  economy.  The  thick  layer  that 
invests  the  body  generally  protects  the  deeper-lying 
and  more  important  organs  from  the  injurious  effects 
of  blows  and  concussions  and  the  less  severe  kinds  of 
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penetrating  wounds.  It  also  diffuses  pressure,  as  in 
the  case  of  the  hands  and  soles  of  the  feet,  and  the 
buttocks.  It  forms  a  covering  which  resists  loss  of 
heat  by  conduction ;  a  special  exemplification  of  its 
value  in  this  respect  being  offered  by  the  thick  masses 
of  blubber  which  enable  the  whale  to  maintain  its 
high  temperature  in  the  intense  cold  of  the  Arctic 
seas.  It  fills  up  the  hollows  of  the  muscles  and  gives 
a  flowing  contour  to  the  figure.  In  the  case  of  the 
heart  it  facilitates  its  movements  by  rendering  its 
surface  smooth,  and  in  that  of  the  eye  it  forms  an 
elastic  bed  on  which  its  rolling  movements  are  per- 
formed with  ease.  In  the  case  of  the  mamma  it  not 
only  protects  the  mammary  gland  from  injury  and 
from  sudden  changes  of  temperature,  but  also  to 
a  certain  extent  prevents  the  lactiferous  ducts  from 
collapsing  when  the  infant  is  at  the  breast. 

But,  apart  from  these  mechanical  uses,  the  oils 
and  fats  possess  a  high  dietetic  value.  The  very  large 
relative  proportion  of  carbon  and  hydrogen  as  com- 
pared with  oxygen  in  each  molecule  renders  them 
eminently  adapted  for  the  maintenance  of  the  heat  of 
the  body,  and  in  burning  they  yield  a  far  larger 
quantity  of  heat  than  the  carbohydrates.  Their  value 
in  this  respect  is  further  shown  by  their  almost  total 
disappearance  in  prolonged  fasting,  when  it  is  probable 
that  they  are  gradually  oxidised. 


CHAPTER  VIII. 

DIGESTION  OF  FOOD. 

The  first  acts  to  which  solid  food  is  subjected  when 
introduced  into  the  mouth  are  those  of  mastication 
and  insalivation. 

Mastication. — Mastication  is  effected  by  the 
movements  of  the  movable  lower  jaw  against  the  fixed 
upper  jaw,  in  both  of  which  teeth  are  implanted,  aided 
by  the  tongue  and  the  secretion  of  the  salivary  glands. 

The  teeth  are  divisible  into  groups,  each  having  its 
own  function.  There  are  in  each  jaw  four  incisors, 
having  cutting  edges  for  the  purpose  of  prehension 
and  detachment  of  morsels  of  food  of  appropriate 
size  ;  two  sharp-pointed  canines  or  laniary  teeth,  for 
piercing  hard  objects  and  tearing  the  food ;  and  four 
bicuspids  and  six  molars,  having  broad  and  irre- 
gular surfaces,  for  grinding  the  food  and  reducing  it 
to  a  pulp  by  mingling  it  with  the  saliva. 

The  jaws  are  ordinarily  kept  in  apposition  by  the 
pressure  of  the  air  when  the  mouth  is  closed  ;  for 
this  cavity  is  then  perfectly  free  from  air,  and  the 
pressure  exerted  is  equal  to  a  column  of  mercury  of 
about  3  mm.  in  height. 

The  descent  of  the  lower  jaw  is  effected  by  its 
own  weight,  aided  by  the  platysma  and  by  the  ante- 
rior bellies  of  the  digastrics,  the  mylo-hyoid  and 
genio-hyoid  muscles,  which  are  enabled  to  act  by  the 
fixation  of  the  hyoid  bone  and  larnyx,  by  the  sterno- 
thyroid and  thyro-hyoid,  and  by  the  sterno-  and  omo- 
hyoids. The  elevation  of  the  lower  jaw  is  accom- 
plished by  the  combined  action  of  the  temporal, 
masseter,  and  internal  pterygoid  muscles.  The  for- 
ward movement  of  the  lower  jaw  is  effected  by  the 
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external  pterygoid,  the  backward  movement  by  the 
internal  pterygoid.  Lateral  movements  are  effected 
by  the  alternate  action  of  the  pterygoids  of  opposite 
sides.  The  accumulation  of  food  between  the  teeth 
and  the  cheeks  is  prevented  by  the  contraction  of  the 
buccinator  muscle  and  of  the  orbicularis  oris. 
The  motor  nervous  supply  is  as  follows  : 

1.  The  temporal  \ 

2.  The  masseter  /  t  j  -u        j.      -u  \. 

3  The  pterygoids  (        supplied  by  motor  branches 

4.'  The  mylo  hyoid  >        f  ^  ^^^^^  ^^^^^^^^ 

6.  The  anterior  belly  of  ^^^^ 
the  digastric  ) 

1.  The  genio-hyoid  \ 

2.  The  omo-hyoid  /  t  j  v    xi.  ^  ^ 

3.  The  sterno-hyoid        l^^^  supplied  by  the  hypoglossal 

4.  The  sterno-thyroid 

5.  The  thyro-hyoid  ) 

1.  The  posterior  belly  of  \ 

the  digastric. 

2.  The  stylo-hyoid  ^  v  j  -u    a-u  ^    •  i 

3.  The  muscles  of  the  l"  are  supphed  by  the  facial. 

lips 

4.  The  buccinator 

The  sensory  nerves  are  the  fifth,  ninth,  and  tenth 
cerebral  nerves.  The  nerve-centre  presiding  over  the 
movements  of  mastication  is  situated  in  the  medulla 
oblongata. 

The  teeth  appear  in  a  certain  succession  which  it  is 
important  to  remember,  since  the  order  in  which  the 
teeth  are  cut  affords  one  of  the  best  means  of  determin- 
ing the  age  of  a  child.  There  are  two  sets  of  teeth,  a  first, 
deciduous,  or  milk  set,  and  a  second,  or  permanent  set. 

The  deciduous  teeth  are  twenty  in  number,  and 
appear  in  the  following  order  : 

Four  central  incisors  \  (lower  jaw  earlier  7th  month  after  birth . 
,,    lateral  incisors  \     than  upper)     .  8 — 10th  „ 
„    anterior  molars     ....  12th  „  „ 

canines         .....  14 — 20th  „ 
„    posterior  molars    ....  18 — 36th    „  ,, 
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The  permanent  set  number  thirty-two,  and  these 
teeth  are  cut  in  the  following  order  : 

First  true  molars   7th  year. 

Central  incisors   8th  year. 

Lateral  incisors   9th  year. 

First  bicuspids   10th  year. 

Second  bicuspids   1 1th  year. 

Canines  .......  12 — 13th  year. 

Second  molars   12 — 14th  year. 

Third  molars  (wisdom  teeth)         .       .  18th  year,  or  later. 

Inisalivatioii. — During  the  act  of  mastication, 
and  principally  to  facilitate  this  act  and  that  of 
deglutition,  the  food  is  incorporated  with  saliva, 
which  is  secreted  by  the  salivary  glands,  and  is 
abundantly  discharged  into  the  mouth,  from  whence 
it  may  be  obtained  by  allowing  it  to  fall  into  a  vessel; 
but,  to  obtain  the  secretion  of  particular  glands,  a  can- 
nula must  be  introduced  into  the  duct  of  the  particular 
gland  the  secretion  of  which  it  is  desired  to  investigate. 

ZVIucous  and  serous  glands. — The  salivary 
glands  present  examples  of  the  two  types  of  glands 
recognised  by  histologists  as  the  serous  or  albuminous, 
and  the  mucous.  The  parotid  is  an  example  of  the 
serous  gland.  The  cells  are  polygonal ;  the  contents 
are  granular,  the  granules  staining  with  carmine,  and 
being  disseminated  through  a  clear  albuminous  matrix. 
During  the  intervals  of  secretion  the  granular  matter 
diminishes,  whilst  the  clear  substance  augments  in 
quantity,  and  appears  to  be  the  immediate  precursor 
of  the  proper  secretion  of  the  gland.  During  the 
period  of  activity  of  the  gland  the  clear  matrix  disap- 
pears whilst  the  granular  matter  augments. 

The  mucous  glands  are  typified  in  the  sublingual 
and  submaxillary  glands  of  the  dog,  and  in  the  mucous 
glands  of  the  respiratory  and  digestive  tracts.  They 
contain  two  kinds  of  cells,  one  set  of  large  size  con- 
taining a  nucleus,  situated  near  the  attached  extremity 
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of  the  cell,  surrounded  by  a  little  granular  matter  ;  the 
rest  of  the  cell  is  filled  with  clear  mucilaginous  matter, 
which  does  not  stain  with  carmine,  but  is  precipitated 
by  acetic  acid.  During  secretion  these  cells  yield  up 
their  mucigen,  and  are  probably  destroyed.  The  other 
set  of  cells  forming  the  "  semilunes  "  of  Heidenhain 
or  the  "  lunules  "  of  Giannuzzi,  are  granular,  and  are 
distributed  here  and  there  between  the  mucigenous 
cells  and  the  basement  membrane.  They  probably 
replace  the  former  cells  in  the  intervals  of  the  activity 
of  the  gland.  The  salivary  glands  are  divisible  into 
two  sets,  the  most  important  of  which,  including  the 
submaxillary,  sublingual,  and  the  parotid  glands,  lies 
external  to  the  oral  cavity,  whilst  the  other,  including 
the  labial,  buccal,  palatine,  and  lingual  glands,  is 
embedded  in  the  walls  of  the  mouth. 

Characters  of  the  saliva. — The  secretion  of 
the  parotid  gland  is  thin,  has  a  faint  alkaline  reaction, 
and  a  sp.  gr.  of  1003  or  1004.  It  contains  98*5 
per  cent,  of  water  and  about  1*5  of  solids,  the  most 
important  of  which  is  a  ferment  named  ptyalin,  and 
salts,  amongst  which  sulphocyanide  of  potassium  is 
interesting.  This  salt  gives  a  red  colour  with  iron 
chloride  and  sets  free  iodine  from  iodic  acid,  which 
may  be  recognised  by  a  blue  colour  appearing  on  the 
addition  of  starch.  It  is  believed  to  act  as  an  anti- 
septic. 

Submaxillary  saliva  is  more  strongly  alkaline ; 
it  contains  mucin  precipitable  by  acetic  acid,  the 
ferment  ptyalin,  and  salts,  amongst  which  potassium 
sulphocyanide  is  again  present. 

Stibling^ual  saliva  is  alkaline,  tenacious  from 
containing  much  mucin,  has  numerous  salivary  cor- 
puscles, and  contains  a  trace  of  potassium  sulpho- 
cyanide. 

Mixed  saliva  is  alkaline,  has  a  specific  gravity 
of  1005  to  1009.    It  is  cloudy  from  the  presence  of 
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epithelial  scales  ;  salivary  corpuscles,  which  perform 
amoeboid  movements,  fragments  of  food,  and  several 
micro-organisms,  especially  the  leptothrix  buccalis. 
It  contains  besides  ptyalin,  mucin,  and  salts.  The 
total  quantity  of  saliva  secreted  per  diem  varies  from 
200  to  1,500  grammes. 

Ptyalin. — The  active  ferment  of  the  saliva,  ptya- 
lin, may  be  obtained  by  acidulating  saliva  with  phos- 
phoric acid  and  adding  lime-water.  The  precipitate 
of  lime  phosphate  which  falls,  carries  down  with  it 
ptyalin  and  proteids,  and  from  this  it  may  be  obtained 
by  washing  the  precipitate  with  water,  and  precipita- 
tion from  the  watery  solution  by  means  of  alcohol. 
The  temperature  at  which  ptyalin  acts  best  as  an 
amylolytic  agent — that  is,  at  which  it  is  capable  of 
converting  starch  into  sugar  most  energetically — is 
between  38^  and  41^  C.  It  is  arrested  at  60^  to 
70*^  C.  A  definite  quantity,  of  starch  paste  only  can 
be  converted  into  glucose  by  a  limited  amount  of 
ptyalin,  and  a  large  excess  of  sugar  interferes  with 
its  action.  Ptyalin  acts  much  more  quickly  on  boiled 
starch  than  on  the  raw  material.  With  boiled  starch 
the  presence  of  sugar  can  be  demonstrated  in  a  minute 
or  less  after  admixture  with  saliva,  whilst  with  raw 
starch  from  half-an-hour  to  two  or  three  hours  is 
required.  An  estimate  of  the  quantity  of  sugar 
present  may  be  obtained  by  allowing  the  fluid  to 
ferment  and  collecting  the  COg  given  off.  100  parts 
of  COg  by  weight  correspond  to  204*54  of  sugar. 

The  saccharifying  action  of  ptyalin  on  starch  takes 
place  best  in  neutral  or  in  slightly  alkaline  solutions. 
It  is  impeded  or  arrested  by  so  small  a  degree  of 
acidity  as  is  produced  by  0*02  per  cent,  of  hydro- 
chloric acid.  Hence  it  is  stopped  when  the  contents 
of  the  stomach  are  strongly  acid,  though  it  may 
recommence  when  the  acids  present  are  neutralised. 
Ptyalin  is  only  contained  in  the  saliva  of  the  parotid 
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gland  of  the  new-born  child,  but  at  a  later  period  in 
that  of  all  the  glands. 

Innervation  of  the  salivary  g^laiids. — The 

secretion  of  saliva  is  a  reflex  act.  It  is  ordinarily 
excited  by  sapid  impressions  made  upon  the  tongue, 
but  it  may  also  be  caused  to  flow  by  impressions  made 
on  the  gastric  terminations  of  the  vagus,  or  on  the 
senses  of  sight  or  smell,  or  even  by  the  mere  thought 
of  food.  On  the  other  hand,  it  can  be  arrested  by 
fear,  as  in  the  familiar  Indian  method  of  detecting 
theft  by  making  the  suspected  parties  masticate  rice 
for  a  short  time ;  he  who  has  the  driest  bolus  is 
regarded  as  the  culprit.  The  nervous  mechanism 
implicated  consists  of  afferent  or  sensory  fibres,  a 
nerve-centre,  efferent  or  secretomotor  fibres,  and  vaso- 
motor fibres.  The  spinal  nerve-centre  presiding  over 
the  process  is  situated  either  at  the  level  of  the  facial 
nucleus  or  a  little  above  it,  and  the  psychic  centre  in 
the  dog  is  probably  near  the  sulcus  cruciatus. 

As  the  salivary  glands  are  superficial,  their  ducts 
large  and  easily  exposed,  and  the  nerves  distributed  to 
them  well  known  and  accessible,  they  have  frequently 
been  the  subject  of  experiments  \  many  of  these  were 
originally  suggested  by  Claude  Bernard,  and  the 
information  thus  obtained  is  the  foundation  of  our 
knowledge  of  the  influence  of  the  nervous  system  on 
secretion.  Taking  the  submaxillary  gland  as  an 
example,  it  may  be  shown  that  the  discharge  of  its 
secretion  is  dependent  on  the  functional  activity  of 
three  sets  of  nerves,  named  respectively  afferent, 
efferent,  and  vasomotor.  The  afferent  or  sensory 
nerves  are  the  fifth,  which  is  distributed  to  the  fore 
part  of  the  tongue,  and  the  glosso-pharyngeal,  which 
supplies  the  back  part.  These  are  the  nerves  of  taste. 
The  efferent  or  secretomotor  nerve  is  the  chorda 
tympani  of  the  facial,  which  after  escaping  from  the 
tympanum  applies  itself  to  the  lingual  nerve  for  a 
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short  distance,  then  quits  it,  some  of  the  fibres  run- 
ning to  the  submaxillary  ganglion,  others  passing 
directly  to  the  gland,  whilst  the  remainder  enter  the 
substance  of  the  tongue.    The  vasomotor  nerves  are 
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F,  Facial  nerve;  T,  Gasserian  ganglion;  gM,  Meckel's  ganglion;  glp'h,  Glosso- 
pharyngeal nerve  ;  ct,  chorda  tympani ;  Lingual  nerve ;  c,  continuation  of 
chorda  tympani ;  gsm,  Submaxillary  gland  •  W,  Wharton's  duct ;  gsl,  sublin- 
gual gland;  B,  duct  of  sublingual  gland;  vj,  jugular  vein;  ac,  carotid 
artery ;  ggc,  superior  cervical  ganglion  ;  /s,  sympathetic  filament. 

branches  of  the  sympathetic  which  accompany  the 
facial  artery  and  also  send  filaments  to  the  ganglion. 
In  order  to  demonstrate  the  functions  of  these  nerves 
they  require  to  be  exposed,  and  a  cannula  to  be  placed 
in  Wharton's  duct.  If  now  the  glosso-pharyngeal 
nerve  be  divided  and,  the  gland  being  at  rest,  the 
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tongue  be  brushed  over  with  vinegar,  a  free  flow  of 
saliva  takes  place.  If  one  lingual  be  divided  (as  at 
L,  Fig.  21)  the  discharge  diminishes,  if  both  are 
divided  it  ceases.  Stimulation  of  the  distal  extremity 
of  the  lingual  is  without  effect.  Stimulation  of  the 
proximal  extremity  is  followed  by  free  secretion. 
Hence  the  lingual  is  regarded  as  an  afferent  nerve. 
If  one  chorda  tympani  be  divided  at  c,  leaving 
the  lingual  intact,  brushing  the  tongue  with  vinegar 
produces  little  effect ;  if  both  are  divided,  no  effect. 
Stimulation  of  the  proximal  cut  end  is  without  effect. 
Stimulation  of  the  distal  extremity  is  followed  by  free 
discharge  of  saliva.  Hence  the  chorda  tympani  is  re- 
garded as  the  efferent  or  secretomotor  nerve,  and  it  is 
concluded  that  the  nerve-centre]  controlling  the  action 
is  at  or  near  the  closely  approximated  nuclei  of  the 
5th  and  7th  nerves  in  the  medulla  oblongata.  When 
both  Unguals  and  both  chordae  are  divided  stimulation 
of  the  sympathetic  nerve  in  the  neck  still  causes  a 
flow  of  thick,  ropy  saliva,  which,  however,  soon  ceases. 
The  glosso -pharyngeal  nerve  has  the  same  action  as 
the  lingual,  and  is  therefore  an  afferent  nerve,  as  may 
be  shown  by  similar  experiments  to  the  above,  substi- 
tuting this  nerve  for  the  lingual. 

Plienomena  attending'  the  active  secre- 
tion of  saliva* — The  effects  produced  on  the  salivary 
glands  by  stimulating  the  nerves  of  taste  are  that  the 
blood-vessels  dilate  and  a  freer  current  of  blood 
traverses  them.  The  gland  becomes  rosy  or  flushes ; 
the  arteries  pulsate  more  strongly.  The  blood  re- 
turning by  the  veins  is  brighter  in  tint,  and  its 
temperature  is  raised  1^  C.  or  more.  The  secretion 
of  saliva  increases,  and  if  a  manometer  be  attached 
to  the  facial  artery  and  to  the  duct,  it  is  seen  that  the 
pressure  of  the  fluid  in  the  duct  is  greater  than  that 
of  the  blood  in  the  artery.  Hence  the  secretion  of 
saliva  is  not  a  mere  process  of  filtration.  If  the 
M — 5 
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gland  be  examined  under  the  microscope  before  and 
after  stimulation,  it  may  be  seen  that  in  the  quiescent 
state  the  cells  are  large  and  contain  many  coarse 
granules,  whilst  the  demilunes  of  Heidenhain  are 
conspicuous ;  but  when  the  gland  is  exhausted  the 
granules  in  great  measure  disappear  and  the  cell 
substance  becomes  more  transparent. 

The  vascular  phenomena  and  increased  flow  of 
saliva  also  appear  when  the  distal  extremity  of  the 
divided  chorda  tympani  is  stimulated,  and  this  nerve 
must  either  contain  fibres  that  cause  the  muscular 
coat  of  the  vessels  to  dilate  actively,  or  fibres  which 
inhibit  the  action  of  the  sympathetic  and  permit  their 
coats  to  dilate  passively.  In  any  circumstances 
the  action  of  the  chorda  when  stimulated  is  that 
of  a  vaso-dilator.  When  the  sympathetic  is  stimu- 
lated the  vessels  contract  in  diameter  and  less  blood 
.passes  through  them.  But  stimulation  of  these  two 
nerves  has  another  efi'ect.  It  causes  an  alteration 
in  the  quality  of  the  secretion.  When  the  chorda 
tympani  is  stimulated  the  secretion  is  limpid  and 
abundant.  When  the  sympathetic  is  stimulated  the 
secretion  is  scanty  and  more  viscid.  Both  nerves, 
therefore,  in  addition  to  fibres  influencing  the  size  of 
the  vessels,  contain  fibres  that  stimulate  the  salivary 
cells  to  secrete.  But  it  may  be  said  the  efiects  on  the 
secretion  are  just  those  which  might  have  been 
expected  from  the  influence  of  the  nerves  on  the 
circulation.  The  facial  nerve,  or  the  chorda  tympani 
(which  is  the  same  thing,  since  the  fibres  given  off  by 
the  facial  nerve  to  the  gland  run  in  the  chorda 
tympani),  when  stimulated  causes  dilation  of  the 
vessels,  and  a  more  rapid  circulation  through  the 
gland.  Hence,  the  secretion  is  thin  and  copious  ; 
the  sympathetic  fibres  contract  the  vessels  and 
diminish  the  flow  of  blood  through  the  gland,  and, 
therefore,  when  they  are  stimulated  the  secretion  is 
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slower,  and  it  is  more  tenacious  and  of  higher 
specific  gravity.  What  need,  then,  is  there  to 
admit  the  existence  of  secretomotory  nerves'?  The 
reply  is  that  the  activity  of  the  circulation  and 
the  activity  of  the  secretory  process  bear  no  direct 
or  necessary  relation  to  each  other,  for  (1)  on 
stimulating  the  chorda  tympani  secretion  takes  place 
even  though  the  vessels  supplying  the  gland  have 
been  ligatured ;  (2)  if  atropia  be  subcutaneously 
injected  into  an  animal  and  the  chorda  tympani  be 
stimulated,  it  will  be  found  that  the  vessels  dilate  and 
a  greatly  augmented  quantity  of  blood  passes  through 
the  gland,  but  that  there  is  no  increase  in  the  quantity 
of  saliva,  from  which  it  would  appear  that  the 
alkaloid  has  had  no  eiiect  on  the  vaso-inhibitory  fibres, 
but  that  it  has  paralysed  the  secretomotor  fibres ; 
(3)  it  has  been  ascertained  by  direct  measurement  with 
the  manometer  that  the  saliva  is  secreted  under  a 
pressure  greater  than  that  of  the  blood  in  the  blood- 
vessels^ in  fact,  in  some  instances,  amounting  to 
nearly  double  this  pressure.  From  these  several 
circumstances  it  is  concluded  that  the  facial  nerve 
contains  fibres  which  directly  stimulate  the  gland 
cells  to  secrete,  and  Pfliiger  believes  that  he  has 
actually  followed  nerve  fibres  into  the  gland  cells.  It 
is  concluded  from  analogy  that  the  sympathetic  also 
contains  two  sets  of  fibres,  a  vaso-constrictor  and  a 
secretomotor  set.  Langley  has  shown  that  the  flow 
of  saliva  following  stimulation  of  the  sympathetic 
nerve  is  increased  if  the  chorda  tympani  have  been 
just  previously  stimulated,  but  this  eflfect  soon  dis- 
appears. 

The  nervous  mechanism  of  the  parotid  gland  is 
less  certainly  known,  but  the  afferent  fibres  are 
contained  in  the  fifth,  and  the  gland  can  be  made  to 
secrete  by  stimulation  of  the  nervus  petrosus  super- 
ficialis  minor,  a  branch  of  the  facial  which  is  joined 
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in  the  tympanum  by  a  branch  from  the  glosso- 
pharyngeal. The  fibres  then  run  to  the  otic  ganglion, 
and  join  the  auriculo-temporal  nerve,  through  which 
they  reach  the  gland.  The  gland  receives  sympathetic 
fibres  from  the  plexus  surrounding  the  internal  maxil- 
lary artery. 

Atropine  and  daturine  check  the  secretion  of 
saliva  in  the  dog,  whilst  pilocarpin,  eserin,  and  curare 
stimulate  it.  In  the  cat,  however,  a  small  dose  of 
atropine  causes  abundant  secretion  of  ropy  saliva. 
The  salivary  centre  in  the  medulla  oblongata  can  be 
directly  excited  by  the  electric  stimulus,  or  by  the 
circulation  through  it  of  venous  blood  as  in  asphyxia. 

Effects  of  section  of  chorda  tympani.— 
Langley  and  Heidenhain  found  that  soon  after 
section  of  one  chorda  tympani  a  continuous  secretion 
of  saliva  is  established  not  only  on  the  same  side, 
constituting  the  so-called  paralytic  secretion^  but  on 
the  opposite  side  also — antilytic  secretion.  Both  the 
paralytic  and  the  antilytic  secretion  are  assisted  by 
apnoea  and  augmented  by  dyspnoea,  and  appear  to 
result  from  increased  irritability  of  a  central  and  a 
peripheral  secretory  nerve-centre.  The  paralytic 
secretion  is  probably,  as  Langley  states,  more  mucous 
than  the  normal,  the  mucigen  increasing  relatively 
to  the  protoplasm  in  the  several  cells,  and  the  whole 
gland  shrinks.  Section  of  the  sympathetic  nerve  ap- 
pears to  produce  little  effect. 

different  kinds  of  secretory  nerve  fibres. 
— Recent  researches  have  supplied  good  reason  for 
believing  that  special  sets  of  secretory  nerve  fibres  are 
distributed  to  the  salivary  glands,  which  act  on  a 
local  or  peripheric  system  of  nerve  cells  situated  in 
the  gland  itself.  One  of  these  sets  presides  over  the 
process  of  storing  up  the  active  principle  of  the 
secretion,  and  has  been  named  anabolic  by  Langley  ; 
a  second  set  effects  an  increase  in  the  solubility  of  the 
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stored-up  substance  :  this  set  is  composed  of  trophic 
fibres ;  whilst  a  third  set  governs  the  discharge  of  fluid, 
and  may  be  termed  the  secretory  fibres. 

In  ordinary  circumstances,  in  the  act  of  masti- 
cation the  aflerent  branches  of  the  fifth  nerve  and 
of  the  glosso-pharyngeal  nerve  conduct  gustatory  im- 
pressions from  the  tongue  or  palate,  according  to 
their  distribution,  to  the  medulla  oblongata,  and 
excite  the  gustatory  centre  situated  in  that  region  to 
originate  impulses  that  travel  to  the  glands  through 
the  facial  and  sympathetic  nerves,  and  stimulate  them 
to  secrete  saliva. 

Electrical  phenomena  attending*  secre- 
tion of  isaliva. — Excitation  of  the  chorda  tympani 
in  the  cat  by  an  interrupted  current  is  accompanied 
by  a  remarkable  electrical  effect  showing  the  hilus  to 
become  positive  to  the  surface  of  the  submaxillary 
gland — first  phase  ;  but  after  a  short  period  a  reversal 
of  the  current  occurs,  the  hilus  becoming  negative  and 
the  surface  positive — second  phase.  In  the  dog  stimu- 
lation of  the  chorda  tympani  in  general  causes  the 
former  or  first  phase  only,  and  stimulation  of  the  sym- 
pathetic the  latter  or  second  phase  only  (Bradford). 

Uses  of  the  saliva. — In  connection  with  the 
digestive  act  the  saliva  (1)  moistens  the  food  and 
promotes  mastication  and  deglutition,  for,  as  a  rule, 
the  drier  the  food  the  more  saliva  is  secreted ;  (2)  it 
dissolves  saccharine,  saline,  and  various  sapid  sub- 
stances; and  (3)  it  exercises  a  saccharifying  or 
diastatic  power  on  starch.  This  action  is  efi'ected 
through  the  agency  of  the  ptyalin  or  hydrolytic  fer- 
ment it  contains,  and  seems  to  be  of  a  complex 
nature,  starch  paste  becoming  in  part  converted  first 
into  soluble  starch  or  amylodextrin  and  erythro- 
dextrin,  which  last  reddens  with  iodine,  and  then 
successively  into  achroo-dextrin,  which  does  not  give 
any  colour  with  iodine,  maltose,  and  grape  sugar  ; 
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whilst  part  resists  the  action  of  the  ptyalin  beyond 
the  stage  of  achroo-dextrin.  Stating  the  changes 
shortly,  and  excluding  the  intermediate  changes,  the 
action  of  saliva  is  to  cause  dextrin  to  take  up  an 
equivalent  of  water,  converting  it  into  glucose.  Thus, 

starch.         Dextrin.  Dextrin.  Glucose. 

^6^10^5  =  ^6^10^5        ^6^10^5  +  =  CgH^^Og. 

Apart  from  its  use  in  digestion,  saliva  (1)  moistens 
the  mouth  and  enables  the  functions  of  taste  to  be 
duly  performed ;  (2)  it  facilitates  the  movements  of 
the  tongue  in  speech ;  (3)  it  contains  potassium 
sulphocyanide,  which  tends  to  prevent  the  decay  of 
fragments  of  food  lodged  between  the  teeth,  and  the 
development  of  leptothrix  and  other  fungi ;  (4)  being 
constantly  secreted,  it  occasions  frequent  acts  of 
deglutition,  which  open  the  Eustachian  tube  and 
equalise  the  pressure  of  the  air  within  and  without 
the  tympanum. 

Movements  of  tlie  tongue.— These  are  of 
importance  in  subjecting  the  food  equally  to  the 
crushing  action  of  the  teeth,  in  separating  it  into 
morsels  fit  for  deglutition,  and  in  pressing  each  morsel 
backwards  to  the  fauces,  where  the  act  of  deglutition 
commences. "  The  complexity  of  the  muscular  fasciculi 
of  the  tongue  enables  it  to  be  moved  in  all  directions. 
It  is  protruded  by  the  genio-hyoglossus,  styloglossus, 
and  palatoglossus,  aided  by  the  longitudinal  fasciculi ; 
depressed  laterally  by  the  hyoglossus ;  elevated  towards 
the  tip  by  the  anterior  part  of  the  superior  longitudinal 
fibres ;  towards  the  middle  by  the  action  of  the  mylo- 
hyoid, which  elevates  the  hyoid  bone ;  towards  the 
base  by  the  styloglossus  and  palatoglossus,  and  by  the 
stylo-hyoid  ;  turned  to  either  side  by  the  contraction 
of  the  longitudinal  fasciculi  of  the  side  to  which  it 
is  turned.  Hollowing  of  the  dorsum  is  effected  by 
the  contraction  of  the  genio-hyoglossi,  aided  by  the 


Chap.  VIII.]     The  Act  of  Deglutition.  183 

transverse  and  vertical  fasciculi.  Most  of  the  muscles 
of  the  tongue  are  supplied  by  the  hypoglossal  nerve ; 
the  mylo-hyoid  receives  branches  from  the  fifth ;  the 
sfcylo-hyoid  from  the  facial. 

]>eg:lutitioii. — The  food  taken  into  the  mouth 
having  been  reduced  to  a  pulp  by  the  acts  of  masti- 
cation and  insalivation,  which  should  be  thoroughly 
performed,  is  divided  into  boluses  of  appropriate 
size  by  the  tongue,  and  pressed  back  by  it  to  the 
anterior  pillars  of  the  fauces,  where  deglutition,  which 
is  an  involuntary  act,  commences.  The  dorsum  of 
the  tongue  is  rendered  prominent  and  arched  by 
the  styloglossi,  which  press  the  bolus  backwards  until 
it  is  seized  by  the  palato-glossal  and  palato-pharyngeal 
muscles ;  then,  secondly,  the  soft  palate  is  raised 
and  stretched  by  the  levator  and  tensor  palati  of  each 
side,  which  shut  off  the  opening  of  the  nares,  and 
render  the  dorsum  an  inclined  plane  by  which  the  food 
is  guided  into  the  grasp  of  the  constrictors  of  the 
pharynx.  The  bolus  in  this  course  has  to  travel  over 
the  upper  opening  of  the  glottis,  which  is  a  critical 
moment,  and  the  entrance  of  food  into  the  trachea  is 
very  carefully  guarded  against.  To  prevent  it  the 
whole  larynx  rises  by  the  action  of  the  genio-hyoid 
and  by  the  anterior  belly  of  the  digastric  and  mylo- 
hyoid muscles,  whilst  the  epiglottis  is  drawn  down- 
wards, which  effectually  occludes  the  orifice,  and,  as 
an  additional  protection,  the  rima  glottidis  is  closed. 
By  the  peristaltic  action  of  the  constrictors  from 
above  downwards  the  mass  is  finally  propelled  into 
the  oesophagus,  through  which  it  enters  the  stomach. 

The  nerve  centre  for  the  acts  of  deglutition  is 
situated  in  the  medulla  oblongata  )  the  afferent  fibres 
belong  to  the  fifth,  which  supplies  the  velum  palati ; 
to  the  glosso-pharyngeus,  which  is  distributed  to  the 
tongue  and  pharnyx,  and  to  the  superior  laryngeal 
branch  of  the  vagus,  which  supplies  the  epiglottis  and 
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rima  glottidis.  The  motor  nerves  are  derived  from 
the  hypoglossus  supplying  the  tongue ;  the  glosso- 
pharyngeus  supplying  the  muscles  of  the  pharynx^ 
the  facial  nerve,  the  levator  and  tensor  palati,  through 
MeckeFs  and  the  otic  ganglia,  the  fifth  the  suprahyoid 
muscles  and  the  muscles  of  mastication ;  and  the 
vagus  supplying  the  muscles  of  the  larynx  and  of  the 
oesophagus. 

The  gastric  juice. — The  glands  of  the  stomach 
secrete  a  fluid  that  possesses  strong  digestive  powers. 
It  may  be  obtained  by  making  a  gastric  fistula,  or  by 
introducing  a  clean  sponge  into  the  empty  stomach  of 
a  dog,  and  giving  the  animal  some  fragments  of 
cartilage  to  digest  for  a  short  time,  and  after  a  few 
minutes  withdrawing  the  sponge.  It  is  a  nearly  clear, 
slightly  yellowish,  acid  fluid,  which  does  not  cloud  on 
boiling.  Its  specific  gravity  is  1002  to  1005,  and  it  con- 
tains nearly  one  part  per  cent,  of  solids.  The  quantity 
secreted  varies  from  a  few  to  many  ounces,  according 
to  the  nature  and  quantity  of  the  food.  It  contains  (1) 
free  hydrocJiloric  acid  in  the  proportion  of  two  parts  in 
1000 ;  (2)  pepsin^  a  special  hydrolytic  ferment  in  the 
proportion  of  three  parts  in  1000  ;  (3)  a  milk-curdling 
ferment ;  (4)  salts,  of  which  sodium  and  potassium 
chloride  are  the  chief,  two  parts  in  1000  ;  (5)  mucus. 
After  the  use  of  particular  articles  of  food,  as  milk  and 
butter,  lactic  and  butyric  acids  may  occur,  as  products 
of  decomposition. 

Seat  of  formation  of  the  chief  constituents 
of  the  g-astric  juice. — The  glands  of  the  stomach 
are  disposed  vertically  to  the  surface  of  the  mucous  mem- 
brane, and  are  either  simple  or  more  or  less  branched. 
They  are  lined  by  cells,  and  enclosed  in  a  lymphatic 
space  which  is  closely  invested  by  a  plexus  of  capil- 
laries. Two  sets  of  glands  can  be  distinguished  :  those 
of  the  cardiac  extremity  and  body  of  the  stomach, 
and  those  of  the  pyloric  extremity.    The  glands  of  the 
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cardiac  end  are  lined  by  two  kinds  of  cells,  the  small 
chief  J  principal,  or  spheroidal  cells,  also  called  adelo- 
morphous *  cells  (Fig.  22,  c),  and  the  parietal,  ovoid, 
oxynticjf  or  delomorphous  cells  (p).  The  chief  cells  are 
transparent,  and  finely  granular;  the  parietal  cells  are 
densely  reticulated,  stain  deeply  with  osmic  acid  and 
with  aniline  blue,  and  do  not,  like  the  chief  cells,  form  a 
continuous,  but  an  interrupted  and  irregular  layer.  The 
glands  of  the  pyloric  end  of  the  stomach  present  only 
one  kind  of  cell  lining  their  interior,  but,  owing  to  the 
difficulty  of  obtaining  fresh  specimens  of  the  human 
stomach,  it  is  doubtful  whether  they  most  resemble 
the  "  chief  "  or  the  "  parietal  "  cells.  It  is  believed 
that  hydrochloric  acid  and  pepsin  are  formed  by 
different  cells ;  and  that  whilst  the  former  is  the 
product  of  the  parietal  cells,  pepsin  is  formed  by  the 
"  chief  "  cells  ;  and  this  opinion  is  founded  on  the  fact 
that  if  the  stomach  be  ligatured  near  its  centre,  the 
pyloric  half  yields  a  fluid  containing  pepsin,  but  little 
or  no  acid,  whilst  the  cardiac  half  yields  a  fluid  con- 
taining both  acid  and  pepsin.  Additional  arguments 
may  be  found  in  the  circumstance  that  if  a  few  glands 
of  the  cardiac  extremity  of  the  stomach  be  isolated 
and  warmed,  they  may  be  observed,  on  the  addition 
of  a  little  hydrochloric  acid,  to  dissolve  with  rapidity, 
excepting  only  the  nucleus  and  a  small  granular 
residue,  whilst  the  parietal  cells  in  similar  circum- 
stances only  become  transparent  and  swell  up,  resist- 
ing solution  for  a  considerable  period.  But  it  may 
reasonably  be  concluded  that  the  solvent  action  would 
be  most  noticeable  in  those  cells  which  contain  most 
pepsin,  and,  hence,  in  all  pyloric  cells.  The  deep 
extremities  or  cul-de-sacs  of  the  gastric  glands, 
which  are  for  the  most  part  lined  with  "  chief  "  cells, 
yield,  when  macerated  with  hydrochloric  acid,  a  better 

*  aSrjAo?,  hidden,  inconspicuous;  i^op^ri,  form, 
t  0^v9,  acid. 
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artificial  gastric  juice  than  the  more  superficial  por- 
tion. Lastly,  the  chief  cells  undergo  periodical  varia- 
tions, which  are  in  direct  relation  with  the  secretion 


Fig.  22.— Peptic  Glands. 
A,  under  a  low  power  :  d,  duct ;  n,  neck  ;  b,  fundus  ;  b,  part  of  the  fundus  of  a 
gland  tube  under  a  high  power  :  j),  parietal  cells  ;  c,  chief  cells. 

of  the  gastric  juice  ;  for  during  fasting  the  chief  cells 
are  large,  rich  in  clear  substance,  relatively  poor  in 
granular  protoplasm.  The  gastric  mucous  membrane 
is   at  this  time  strongly  charged  with  pepsin  or 
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pepsinogen  substance,  the  propepsin  of  Schiff.  After 
secretion  has  taken  place  for  some  time,  the  clear 
pepsinogen  substance  formed  at  the  expense  of  the 
albuminoids  is  discharged  from  the  cells  into  the 
lumen  of  the  glands,  and  though  it  still  continues  to 
be  formed,  the  supply  gradually  becomes  unequal  to 
the  demand,  and  the  clear  substance  diminishes  in  the 
chief  glands,  which  exhibit  after  a  few  hours'  digestion 
a  granular  aspect.  The  chief  cells  are  developed  at  a 
later  period  than  the  oxyntic  cells. 

Orig:in  of  the  acid, — The  production  of  the 
acid,  like  that  of  the  ferment,  must  be  regarded  as 
a  special  property  of  the  protoplasm  lining  the  cells 
of  the  gastric  glands,  and  it  is  certain  that  the 
elimination  of  a  large  quantity  of  acid  by  these 
cells  leaves  so  much  alkali  in  the  blood  that  when 
the  stomach  is  in  full  digestion  the  urine,  usually 
acid,  becomes  neutral,  or  even  faintly  alkaline,  and 
often  cloudy  from  precipitation  of  the  phosphates 
an  alteration  to  which  the  term  "  alkaline  tide  has 
been  applied. 

Pepsin.* — The  active  principle  of  the  stomach  is 
a  soluble  hydrolytic  ferment  named  pepsin.  It  may 
be  obtained  by  maceration  of  the  fresh  gastric  mucous 
membrane  first  in  hot "  and  then  cold  water,  and 
precipitation  with  alcohol.  It  contains  nitrogen  and 
does  not  give  the  xanthoproteic  reaction.  It  is  pre- 
cipitated by  the  acetates  of  lead,  but  not  by  nitric  acid, 
sodic  mercuric  chloride,  or  tannic  acid.  It  is  not 
diffusible. 

Origin  of  pepsin.— In  regard  to  the  origin  of 
pepsin,  the  experiments  of  Langley  seem  to  show 
that  this  substance  is  formed  from  the  granules  seen 
in  the  gland  cells  of  the  stomach  in  the  living  state  ; 
for,  in  the  first  place,  in  the  various  animals  he  ex- 
amined the  cell  granules  diminish  in  number  and  size 
*  TreTTTO),  to  digest. 
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during  digestion.  Secondly,  during  fasting  the  num- 
ber of  granules  contained  in  the  gland  cells  diminishes, 
which  is  in  accordance  with  the  fact  that  during 
fasting  the  amount  of  pepsin  afforded  by  a  definite 
weight  of  gastric  mucous  membrane  diminishes  ;  and 
lastly,  the  amount  of  pepsin  contained  by  any  portion 
of  the  stomach  is  in  direct  proportion  to  the  number 
of  granules  contained  by  the  "chief  cells  of  that 
portion  in  the  living  state.  He  names  the  substance 
stored  up  by  the  gland  cell  "  zymogen,"  *  and  believes 
that  it  is  this  material  from  which  pepsin  arises  when 
the  cell  secretes. 

When  the  stomach  is  empty  it  is  quiescent,  pre- 
sents a  pale  rosy  tint,  and  contains  little  or  no  gastric 
juice,  but  the  surface  is  covered  with  a  thin  layer  of 
mucus.  No  sooner  is  food  introduced  than,  apparently 
by  a  reflex  action  taking  place  through  the  vagi,  the 
sympathetic  centres,  and  the  fibres  of  Meissner's  plexus, 
the  circulation  quickens,  the  vessels  enlarge,  the  colour 
of  the  mucous  membrane  becomes  deeper,  the  venous 
blood  returning  from  it  is  of  a  brighter  hue,  and 
gastric  juice  is  poured  forth  from  the  glands.  In 
order  that  active  gastric  juice,  containing  a  due  pro- 
portion of  pepsin  with  the  acid,  should  be  secreted,  it 
is  essential  that  the  material  introduced  into  the 
stomach  should  be  nutritive ;  if  innutritious  sub- 
stances are  ingested,  only  a  little  acid  fluid  is  dis- 
charged. 

Action  of  ttie  g^astric  juice  on  proteicls. — 

The  essential  action  of  the  gastric  juice  on  the  food 
entering  the  stomach  is  to  attack  the  proteids, 
and  convert  them  from  colloidal  and  insoluble  sub- 
stances into  soluble  or  crystalloid  compounds,  so  that 
they  may  easily  enter  the  blood.  All  varieties  of 
albumin  are  converted  into  peptones,  though  the 
action  is  not  always  completed  in  the  stomach.  The 
*  iv^jLti,  leaven  or  ferment ;  yewaw,  to  beget. 
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action  of  tlie  gastric  juice  on  albumin  may  be  ob- 
served outside  of  the  body  by  placing  small  cubes 
of  white  of  egg  in  the  pure  juice  obtained  from  a 
gastric  fistula,  or  in  an  artificial  juice  made  by 
adding  a  1  to  3  per  1000  watery  solution  of  hydro- 
chloric acid  to  2  to  3  per  1000  of  pepsin,  and  maintain- 
ing the  mixture  at  about  38^  C.  (97'^  to  100^  F.),  which 
is  found  to  be  the  most  favourable  temperature.  In 
the  course  of  an  hour  or  two  the  edges  of  the  cube 
will  be  found  to  be  swollen  and  hyaline,  and  ultimately 
a  large  portion  undergoes  solution  in  the  fluid, 
especially  if  the  process  be  assisted  by  gentle  agitation. 
Lactic  and  nitric  acids  may  be  substituted  for  hydro- 
chloric acid,  but  other  acids  appear  to  be  inactive. 

There  seem,  however,  to  be  several  successive  and 
tolerably  constant  steps  or  stages  in  the  process.  The 
first  action  of  the  pepsin  in  combination  with  the 
acid  of  the  gastric  juice  is  to  convert  albumins  into 
syntonin  or  acid-albumin.  The  syntonin  can  be  pre- 
cipitated by  simple  neutralisation  of  the  fluid,  and  is 
soon  converted  into  the  hemialbumose  of  Kiihne  or 
propeptoneof  Schmidt-Mulheim,  a  small  portion,  named 
antialbumose,  resisting  the  action  of  the  gastric  juice. 
The  hemialbumose  is  characterised  by  the  facility  with 
which  it  dissolves  in  water,  and  by  its  giving  the 
biuret  reaction  with  liquor  potassse  and  a  drop  of 
CuSO^.  It  diflers  from  true  peptones,  however,  in 
being  precipitated  from  its  solution  by  potassium  ferro- 
cyanide,  by  nitric  acid,  by  sodium  chloride,  and  by 
magnesium  sulphate.  By  the  further  action  of  the 
gastric  juice  the  hemialbumose  propeptone  is  con- 
verted into  peptone,  a  certain  proportion,  named 
antipeptone,  again  resisting  the  solvent  action  of 
the  juice.  The  succession  of  changes  is,  therefore, 
albumin,  acid-albumin,  propeptone,  and  peptone. 

Slight  diflerences  exist  between  the  peptones  of 
albumin,  casein,  glutin,  and  other  proteids.  The 
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general  characters  of  peptones  by  which  they  are 
distinguished  from  albumins  ara:  (1)  That  they  are 
very  soluble  in  water,  and  that  when  slightly  acid- 
ulated they  readily  diffuse  through  animal  membranes. 
(2)  That  they  do  not  coagulate  when  heated.  (3)  That 
on  the  addition  of  an  alkaline  solution,  and  a  drop  or 
two  of  solution  of  copper  sulphate,  a  pinkish  colour, 
differing  from  the  pure  violet  of  soluble  albumin,  is 
produced.  (4)  When  much  diluted,  solutions  of 
peptones  are  not  precipitated  by  nitric  or  acetic  acids, 
or  by  neutral  salts  of  soda  and  magnesia.  (5)  With 
strong  nitric  acid  they  give  a  yellow  precipitate, 
turning  orange  on  addition  of  ammonia  (the  xantho- 
proteic reaction).  (6)  They  are  not  precipitated  when 
treated  with  strong  acetic  acid  and  ferrocyanide  of 
potassium.  (7)  They  are  precipitated  from  neutral 
or  weakly  acid  solutions  by  solution  of  corrosive 
sublimate,  nitrate  of  mercury,  nitrate  of  silver,  and  of 
tannic,  phospho-molybdic  and  phospho-tungstic  acids. 
Lastly,  when  injected  into  the  blood  they  do  not  re- 
appear in  the  urine  in  the  form  of  albumin.  It  may 
be  demonstrated  that  nearly  twelve  times  more  peptone 
will  pass  through  an  animal  septum  than  albumin. 
If  the  gastric  juice  be  allowed  to^  act  on  peptones  for 
a  long  time  outside  the  body,  leucin,  tyrosin,  and  other 
products  of  the  disintegration  of  albumin  appear,  which 
are  normally  the  result  of  the  action  of  the  pancreatic 
juice.  The  conversion  of  albumins  into  peptones  only 
takes  place  in  the  presence  of  an  acid,  and  although  it 
may  be  imitated  outside  of  the  body,  the  action  is  much 
more  rapid  and  perfect  in  the  body.  This  is  due  ( 1 )  to 
the  circumstances  that,  in  the  stomach,  each  portion 
of  peptone  as  it  is  produced  is  at  once  removed  by 
escaping  through  the  pyloric  aperture  of  the  stomach, 
or  by  absorption,  which  is  of  course  impossible  in 
artificial  digestion  ;  and  (2),  which  is  still  more  im- 
portant, fresh  acid  and  fresh  pepsin  are  continuously 
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secreted  in  gastric  digestion,  and,  it  is  not  im- 
probable, in  proportions  adapted  to  the  matters  that 
have  to  be  dissolved.  In  the  case  of  Alexis  St. 
Martin,  a  young  Canadian,  who,  as  the  result  of  a 
gunshot  wound,  had  a  fistulous  opening  into  the 
stomach.  Dr.  Beaumont  found  that  meat  was  digested 
and  absorbed  in  the  course  of  two  hours  which  required 
eight  or  ten  hours  to  be  completely  digested  when 
submitted  to  the  action  of  artificial  gastric  juice.  No 
constant  period  for  the  digestion  of  food  can  be  given, 
since  it  varies  with  the  duration  of  the  previous 
fast,  the  amount  of  exercise  taken,  the  quantity  and 
the  quality  of  the  food  ingested,  and  the  state  of  the 
health,  but  it  may  be  taken  that  after  a  moderate 
meal  the  stomach  is  empty  in  about  three  or  four 
hours. 

Milh  is  immediately  coagulated  in  the  stomach, 
owing  to  the  precipitation  of  casein ;  and  since  this 
takes  place  when  the  free  acid  is  neutralised,  and  does 
not  take  place  when  pure  pepsin  is  added  to  milk,  it 
is  believed  that  a  special  ferment,  named  rennet-* 
ferment  or  rennin  (Foster)  is  present,  which  possesses 
the  property  of  decomposing  casein  or  caseinogen 
(Halliburton)  into  two  proteids,  of  which  one  is  soluble, 
whilst  the  other,  in  the  presence  of  calcic  phosphate,  is 
insoluble,  and  forms  the  curd.  For  this  the  name  of 
tyreinf  has  been  suggested  (Foster).  It  is  the  casein 
of  Halliburton.  This  ferment  seems  to  be  most 
abundantly  produced  in  infants,  and  its  activity  may 
be  estimated  when  it  is  stated  that  1  part  of  rennin 
can  precipitate  800,000  of  casein.  It  acts  in  acid,  in 
alkaline,  and  in  neutral  solutions  of  casein.  The 
casein  precipitate  from  milk  by  rennet  ,difiers  from 
that  thrown  down  by  acids.  Rennet  is  in  common 
use  in  the  manufacture  of  cheese. 

*  Ang.-Sax.  rinnan,  to  run  or  coagulate, 
f  Tvp6<;,  cheese^ 
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Meat  is  quickly  broken  up  into  detached  fragments 
by  the  solution  of  the  connective  tissue  between  the 
fibres  ;  the  transverse  strise  of  striated  muscle  become 
very  distinct,  the  clear  striae  dissolve  first,  and  finally 
the  whole  disappears.  Beef  is  more  digestible  than 
mutton,  whilst  veal  and  pork  digest  slowly.  The 
flesh  of  young  animals  digests  more  rapidly  than  that 
of  old  ones,  and  lean  meat  quicker  than  fat.  Cooking, 
by  softening  the  tissues,  favours  digestion.  Fibrous  tis- 
sues, as  tendons  and  ligaments,  dissolve  with  a  rapidity 
proportioned  to  their  firmness,  and  even  cartilage  is 
slowly  acted  on.  Gelatin,  which  is  obtained  by  boil- 
ing the  tendons,  skin,  and  other  connective  tissues, 
is  dissolved  in  gastric  juice,  and  converted  into  a 
kind  of  peptone.  It  loses  its  power  of  gelatinising. 
Certain  tissues  resist  the  action  of  the  gastric  juice, 
amongst  which  elastic  and  epidermic  tissues,  nuclei n, 
and  the  tissue  of  the  cornea  may  be  mentioned. 

Action  of  the  g-astric  juice  on  other  con- 
stituents of  food. — Gastric  juice  has  no  action  on 
the  oils  and  fats  :  but  it  is  capable  of  dissolving  the 
connective  tissue  uniting  fat  cells  into  lobules,  and  of 
dissolving  also  the  walls  and  protoplasm  of  the  fat 
cells,  thus  setting  the  contained  oil-globules  free. 

Starch  is  also  unacted  on  by  the  gastric  juice,  but 
it  is  said  to  convert  the  erythro-dextrin  and  achroo- 
dextrin  resulting  from  the  action  of  saliva  on  starch 
into  glucose.  Cane  sugar  is  gradually  converted  into 
grape  sugar,  which  is  attributed  by  some  to  the  action 
of  the  mucus. 

Conditions  interfering:  with  gastric  di- 
gestion.— If  a  large  excess  of  food  be  taken  into  the 
stomach,  digestion  is  imperfectly  efiecfced,  and  the 
partially  decomposed  products  are  apt  to  excite  irrita- 
tion throughout  the  whole  length  of  the  alimentary 
canal.  The  presence  of  unwholesome  or  indigestible 
material  leads  to  the  secretion  of  an  excess  of  acid  and 
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gastric  derangement.  Raw  fruits  of  3lose  texture,  as 
apples ;  preserved  fruits,  as  candied  lemon  and  orange- 
peel  ;  raw  turnips  and  carrots,  though  they  may  be  eaten 
with  impunity  when  violent  exercise  is  taken  and  the 
supply  of  more  appropriate  food  is  insufficient,  yet, 
when  given  to  children,  are  a  fertile  source  of  disr 
order.  The  consumption  of  alcohol,  except  in  elderly 
people,  is  unnecessary,  if  not  harmful.  It  is  useful 
when  the  quantity  of  food  is  insufficient,  and  well- 
matured  wine  is  probably  the  best  form  in  which  to 
take  it.  Large  quantities  impede,  or  may  altogether 
arrest,  digestion. 

It  has  been  found  that  the  ingestion  of  large 
quantities  of  sugar  impairs  digestion,  by  causing  the 
secretion  of  mucus,  which  acts  injuriously  in  two 
ways  :  first,  by  preventing  the  gastric  juice  from 
becoming  incorporated  with  the  food,  and  secondly, 
by  interfering  with  the  absorption  of  that  which  is 
digested.  Lastly,  it  may  be  remarked  that,  for  proper 
digestion  to  be  effected,  a  short  period  of  repose  should 
be  permitted  after  a  meal.  Vigorous  exertion,  whether 
of  the  mind  or  body,  interferes  with  digestion,  by 
withdrawing  to  the  brain  or  muscles  a  portion  of  the 
blood  that  should  be  engaged  in  supplying  the  materials 
for  the  digestive  process. 

The  stomach  contains  more  or  less  gas,  partly 
derived  from  air  swallowed  with  the  food  and  saliva, 
partly  generated  during  the  process  of  digestion.  In 
one  specimen,  obtained  from  a  dog  five  hours  after 
feeding,  100  volumes  contained  CO3  25'2,  N  ^'^-^^^ 
O  6'12. 

Iflovements  of  the  stomach. — The  movements 
of  the  stomach  have  been  chiefly  observed  in  animals, 
though  occasional  opportunities  have  presented  them- 
selves in  man,  after  injuries  and  in  cases  of  extreme 
atrophy.  -  They  are  effected  by  unstriated  muscular" 
tissue,  so  disposed  as  to  form   an   external  layer 
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of  longitudinal  fibres,  an  internal  layer  of  circular 
fibres,  which  is  greatly  developed  at  the  cardiac  and 
still  more  at  the  pyloric  orifices,  and  of  an  inter- 
mediate layer  of  oblique  fibres,  occupying  the  cardia. 
When  empty  the  stomach  is  probably  at  rest,  but 
soon  after  food  is  ingested  movements  commence.  In 
the  earlier  periods  of  digestion  general  contraction 
and  shortening  of  the  muscular  fibres  occur,  the  walls 
of  the  stomach  equably  compressing  the  food  that  has 
been  introduced  ;  but  after  a  time  contraction  and 
relaxation  succeed  each  other  alternately,  the  con- 
tractions sometimes  travelling  in  an  undulating 
manner  along  the  walls,  whilst  at  other  times  deep 
constrictions  are  formed,  almost  separating  the  con- 
tents into  separate  portions.  This  often  occurs  near 
the  middle  of  the  stomach,  or  about  three  or  four 
inches  from  the  pylorus,  the  constriction  that  occurs 
at  this  point  giving  the  stomach  an  hour-glass  form. 
The  wave  of  contraction  usually  passes  from  left  to 
right,  and  is  then  termed  "  peristaltic  ;  sometimes 
in  the  opposite  direction,  and  is  then  termed  "  anti- 
peristaltic." The  movements  are  not  very  energetic 
or  rapid  until  towards  the  close  of  chymification, 
when  the  contents  of  the  stomach  have  partially 
entered  the  duodenum,  and  they  are  best  marked 
along  the  greater  curvature.  A  peristaltic  wave 
occupies  about  a  minute  in  travelling  from  one  end  of 
the  stomach  to  the  other.  The  intervals  between 
successive  waves  vary,  but  are  shorter  towards  the 
close  of  digestion.  Movements  have  been  observed 
to  take  place  after  death.  By  some  observers,  as 
Brinton,  the  anti-peristaltic  movement  is  denied,  and 
the  recurrent  movement  of  the  contents  of  the 
stomach,  which  undoubtedly  occurs,  is  explained  by 
considering  that  the  peristaltic  action  of  the  gastric 
walls  forces  towards  the  pylorus  the  food  in  contact 
*  nepi<T7€k\oi,  to  wrap  aroundc 


Chap.  VIII.]    Nervous  System  and  Stomach.  195 

with  them,  but,  the  pylorus  being  closed,  a  reversed 
axial  current  is  produced,  the  presence  of  which  has 
led  to  the  admission  of  an  anti-peristaltic  movement. 

Influence  of  the  nervous  system  on  the 
stomach. — -The  stomach  is  supplied  by  the  vague 
and  sympathetic,  nerves,  forming  Meissner's  and 
Auerbach's  plexuses.  The  vagus  contains  fibres 
derived  from  the  spinal  accessory,  which  is  a  motor 
nerve.  The  evidence  in  regard  to  the  effects  both 
of  section  and  of  stimulation  of  the  vagus  on  the 
movements  of  the  stomach  is  unsatisfactory,  and 
even  contradictory,  perhaps  owing  to  different  periods 
of  digestion  having  been  selected,  and  in  part  also  to 
different  animals  having  been  chosen  for  experiment. 
Many  observers  have  noticed  paralysis  of  the  stomach 
after  division  of  the  vagus  ;  but  others  have  seen 
some  movements  continue,  or  even  that  they  have  been 
as  vigorous  as  before.  Stimulation  of  the  vagus  by 
means  of  electricity  causes  contractions  of  the  stomach 
to  occur  in  the  course  of  five  or  six  seconds,  especially 
during  full  digestion  ;  but  when  the  stomach  is 
empty  the  contractions  induced  are  feeble,  or  they 
may  be  altogether  absent.  Movements  of  the  stomach 
have  also  been  noted  after  stimulation  of  the  two 
sympathetic  nerves  in  the  neck,  the  first  thoracic 
ganglion  and  the  solar  plexus.  Stimulation  of  the 
corpora  quadrigemina  and  optic  thalami  in  some  in 
stances  excites  gastric  movements.  Destruction  or 
removal  of  the  brain  and  spinal  cord  renders  the 
stomach  more  irritable.  The  splanchnic  nerve  is 
thought  to  be  the  inhibitory  nerve  of  the  stomach. 
Direct  irritation  of  the  stomach, as  by  scratching,  pinch- 
ing, or  the  application  of  irritants,  only  causes  local 
and  limited  contractions.  Opium  inhibits  the  move- 
ments of  the  stomach.  When  distended,  the  stomach 
is  subject  to  considerable  passive  movements,  through 
the  action  of  the  diaphragm,  and  even  of  the  heart. 
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Self-digestion  of  the  stomach. — After  death, 
if  this  has  taken  place  during  the  digestion  of  food, 
it  is  not  uncommon  to  find  a  large  ragged  orifice  with 
thin  and  softened  edges  in  some  part  of  the  wall  of 
the  stomach.  In  some  instances  the  contents  of  the 
stomach  have  been  found  in  the  peritoneal  cavity. 
Perforations  of  this  kind  are  due  to  the  action  of  the 
gastric  juice  secreted  during  life  upon  the  dead  walls 
of  the  alimentary  canal.  During  life  no  action  of 
this  kind  takes  place,  probably  because  the  constantly 
circulating  blood  brings  with  it  fresh  materials  for 
nutrition.  The  mere  circumstance  of  the  stomach  being 
part  of  the  living  body  will  not,  however,  alone  account 
for  its  resisting  the  action  of  the  juice  in  ordinary 
digestion,  for  Bernard  showed  in  a  remarkable  ex- 
periment that  gastric  juice  is  capable  of  digesting 
living  as  well  as  dead  tissue,  for  he  inserted  the  leg  of 
a  living  frog  through  a  gastric  fistula  into  the  stomach 
of  a  dog,  and  found  that  it  underwent  ordinary  diges- 
tion. It  may  perhaps  be  stated  generally,  that  as  long 
as  living  blood  circulates  in  the  tissues  at  normal 
pressure  the  gastric  juice  is  incapable  of  acting  on 
them  ;  but  when  normal  nutrition  ceases,  either  in 
consequence  of  the  formation  of  emboli  or  of  ligature 
of  vessels,  trophic  disturbance  from  nerve  lesion  and 
necrosis  of  tissue  occurs,  and  the  gastric  juice  will  exert 
its  full  action  upon  it.  In  proof  of  this  it  may  be 
remarked  that  Pavy  detached  a  small  portion  of  mucous 
membrane  of  the  stomach,  in  a  living  animal,  and  found 
that  an  ulcer  was  not  produced,  but  that  cicatrisation 
occurred.  On  the  other  hand,  Ewald  found  that 
division  of  the  cervical  or  upper  dorsal  region  of  the 
spinal  cord,  an  operation  that  materially  reduces  blood 
pressure,  caused,  in  the  course  of  thirty-six  hours, 
the  formation  of  numerous  circular  clearly  defined 
lenticular  ulcers  without  any  trace  of  inflammatory 
processes. 
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Chyme.— The  product  of  gastric  digestion  is 
terraed  chyme,  and  on  ordinary  diet  is  a  whitish  or 
creamy  acid  fluid,  which  passes  through  the  pylorus  as 
it  is  formed,  and  enters  the  small  intestine.  It  contains : 

1.  The  products  of  digestion  up  to  the  pylorus : 
peptone,  dextrose,  laevulose,  peptonised  gelatin. 

2.  All  matters  in  a  state  of  minute  subdivision, 
but  which  are  only  partially  acted  upon  by  the  saliva 
and  gastric  juice,  such  as  raw  starch  and  gum,  the 
denser  connective  tissues,  gelatin  that  is  merely  dis- 
solved in  completely  digested  proteids,  and  isolated 
and  partially  digested  muscular  fasciculi. 

3.  Substances  quite  unchanged  by  saliva  and  gas- 
tric juice,  such  as  cellulose,  elastic  tissue,  nuclein,  fats, 
and  the  fatty  acids. 

4.  The  solutions  and  salts  not  as  yet  absorbed  in 
the  stomach,  such  as  those  of  the  vegetable  acids,  of 
sugar,  and  the  gastric  juice  itself. 

The  really  insoluble  and  indigestible  residue  of  the 
food  remains  for  some  time  in  the  stomach,  but  is 
ultimately  propelled  through  the  relaxed  pylorus  by 
the  peristaltic  action  of  the  stomach. 

INTESTINAL  DIGESTION. 

As  soon  as  the  chyme  enters  the  duodenum  it  is 
subjected  to  the  action  of  the  fluids  secreted  by 
the  liver,  the  pancreas,  Brunner's  glands  and  the 
Lieberkiihnian  follicles,  which  are  named  respectively 
the  bile,  the  pancreatic  juice,  and  the  suocus  en- 
tericus.  It  has  been  ascertained  by  means  of  ex- 
periments outside  of  the  body  that  the  admixture 
of  the  acid  chyme  with  the  alkaline  bile  causes 
precipitation  of  the  peptones,  the  biliary  acids 
being  set  free  by  the  superior  affinity  of  the  gastric 
juice  for  the  soda  with  which  they  are  combined ; 
but  with  excess  of  bile,  or  as  soon  as  the  alkaline  pan- 
creatic juice  is  added  to  the  fluid,  resolution  of  the 
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peptones  occurs,  and  the  pancreatic  ferments  are  en- 
abled to  operate.  Some  observers,  however,  deny 
with  Dalton  that  any  precipitation  of  the  peptones 
occurs  within  the  body. 

The  liver.— This  important  organ  weighs  about 
3|  lbs._,  i.e.  one-fortieth  of  the  body  weight.  It 
contains  68  per  cent,  of  water.  It  is  a  tubular  gland, 
and  receives,  with  the  exception  of  that  of  the  kid- 
neys, the  venous  blood  of  the  abdominal  organs,  which 
enters  it  by  the  'portal  vein.  This  vein  divides  into 
right  and  left  branches,  which  give  oiff  successively  the 
interlobular  veins  and  the  lobular  venous  plexus.  The 
capillaries  forming  the  latter  are  continuous  with  the 
hepatic  venous  plexus  or  radicles  of  the  hepatic  vein, 
which  discharge  their  contents  into  the  intralobular 
veins,  which  again  are  continuous  with  the  sublobular 
and  proper  hepatic  veins.  The  arterial  supply  of  the 
liver  is  derived  from  the  hepatic  artery.  Occupying 
the  intervals  between  the  vessels  are  the  hepatic  cells, 
characterised  by  their  large  size  and  their  contents, 
composed  of  fat  globules,  glycogen  granules,  and 
yellowish  fluid.  The  biliary  vessels  arise  by  fine 
tubules,  which  are  situated  between  the  cells  indenting 
their  surface.  They  unite  to  form  the  right  and  left 
biliary  ducts,  which  join  to  form  the  common  bile 
duct.  After  being  joined  by  the  cystic  duct,  the  bile 
duct  is  known  as  the  ductus  communis  choledochus, 
and  this  opens  into  the  median  side  of  the  descending 
portion  of  the  duodenum  with  the  pancreatic  duct. 
The  liver  is  supplied  by  branches  of  the  vagus  and 
sympathetic  nerves,  which  have  been  traced  into  the 
biliary  cells,  each  filament  terminating  in  a  minute 
enlargement  or  head,  in  immediate  relation  with  the 
nucleus  (Macallum). 

Formation  of  the  bile.— The  bile  is  formed 
continuously  by  the  cells  of  the  liver,  and  is  in  part 
conducted  to  the  intestine  by  the  ductus  communis 
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choledochus,  and  in  part  accumulates  in  the  gall 
bladder,  from  which  it  is  discharged  in  considerable 
quantity  soon  after  food  is  taken. 

Characters  of  tlie  toile.— The  bile,  whether 
extracted  immediately  after  death  from  man,  or  ob- 
tained by  means  of  a  biliary  fistula  in  animals,  is  a 
yellow,  brown,  or  greenish  fluid,  presenting  dichroism 
and  some  degree  of  fluorescence,  with  sp.  gr.  varying 
from  1*020  to  1*030,  of  ropy  consistence,  neutral  re- 
action, disagreeable  odour,  and  bitter  taste.  It  con- 
tains as  its  principal  ingredients  the  taurocholate  and 
glycocholate  of  soda,  which  are  present  in  the  propor- 
tion of  from  2  to  10  per  cent.  Besides  these  peculiar 
biliary  salts,  the  bile  contains  5  per  cent,  of  ordinary 
salts,  mucus,  cholesterin,  and  lecithin  collectively. 
The  proportion  of  water  varies  from  91  to  85  per  cent. 
Finally  there  is  a  minute  quantity  of  sugar,  and  some- 
times of  a  diastatic  ferment.  The  colour  is  due  to 
the  two  colouring  matters  known  as  bilirubin  and 
biliverdin.  The  colouring  matter  of  the  bile  is  probably 
a  derivation  of  the  colouring  matter  of  the  blood, 
hsemochromogen,  and  is  itself  in  process  of  being  de- 
composed into  the  colouring  matter  of  the  urine  or 
urobilin. 

Tlie  characteristic  biliary  salts.— These  are 
formed  by  the  combination  of  taurocholic  and  glyco- 
cholic  acids  with  sodium.  The  taurocholate  is  present 
in  the  bile  of  all  animals.  It  exists  alone  in  the  bile 
of  carnivora,  and  preponderates  over  the  glycocholate 
in  many  omnivora.  The  glycocholate  is  abundant  in 
the  bile  of  herbivora  ;  both  are  present  in  the  human 
bile.  The  salts  of  these  acids  are  the  most  important 
constituents  of  the  bile.    {See  Appendix.) 

Tests  for  hile.— Some  of  these  depend  on  the 
changes  in  the  colouring  matters  on  the  addition  of 
oxidising  agents,  and  others  on  the  reaction  of  the 
biliary  salts.    To  the  former  belong  the  nitric  acid,  or 
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Gmelin^s  test,  bile  being  rendered  a  vivid  green  colour 
on  the  addition  of  fuming  nitric  acid,  with  a  subse- 
quent play  of  colours  from  the  green  through  blue, 
violet,  and  red  to  yellow,  due  to  the  oxidation  of  the 
bilirubin.  The  same  reaction  occurs  with  haematoidin. 
The  colouring  matter  also  assumes  a  green  colour  when 
a  few  drops  of  a  watery  solution  of  iodine  are  added 
to  it.  A  very  minute  quantity  of  the  biliary  salts 
can  be  recognised  by  the  test  known  as  Fetienkofer's 
test.  In  this  a  few  grains  of  crystallised  cane  sugar 
are  powdered  over  filtering  paper  dipped  in  the  sus- 
pected fluid ;  a  few  drops  of  strong  sulphuric  acid 
are  allowed  to  ^fall  upon  the  paper,  when  a  violet 
colour  appears.  The  fluid  tested  should  be  as  free 
from  other  organic  matters  as  possible,  since  some  of 
these,  as  olein,  amyl  alcohol,  and  the  salts  of  morphia 
and  codein,  also  give  a  red  colour  with  cane  sugar  and 
sulphuric  acid.  The  spectrum  of  the  violet  of  Petten- 
kofer's  test  gives  a  wide  and  dark  absorption  band  at 
the  line  E  of  the  solar  spectrum,  and  there  is  much 
absorption  both  of  the  violet  and  the  red  rays. 

Quantity  of  the  bile. — In  a  woman  weighing 
136  lbs.  in  whom  the  secretion  and  discharge  of  bile  of 
the  bile  duct,  though  taking  place  through  a  fistula, 
were  apparently  normal,  and  the  conditions  favour- 
able for  observation,  it  was  found  that  the  quantity 
secreted  was  about  27  oz.  per  diem  ;  the  discharge 
was  not  uniform,  but  rose  one  or  two  hours  after  a 
meal.  The  colour  was  olive  green,  and  the  amount  of 
solids  about  10  per  cent.  (Oopeman  and  Winston.) 
The  quantity  discharged  per  diem  by  a  man  weighing 
12  stone  maybe  estimated  at  40  oz.,  or  about  2  pints. 

Uses  of  the  hile. — The  uniformity  with  which 
the  bile  is  discharged  into  the  alimentary  canal  just 
below  the  stomach  throughout  the  whole  of  the 
mammalia  seems  to  indicate  that  it  fulfils  some  im- 
portant purposes  in  digestion,  yet  it  has  but  little 
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chemical  action  outside  the  body  on  either  proteids  or 
on  starch  paste,  raw  or  boiled,  or  on  fats,  though  it 
aids  in  their  emulsification  or  mechanical  division. 
It  contains  a  diastatic  ferment,  converting  starch  into 
sugar,  but  the  action  is  feeble.  If  a  biliary  fistula  be 
established,  and  the  bile  allowed  to  flow  from  the  body 
without  entering  the  intestine,  it  is  found  that  in 
dogs  on  ordinary  diet  serious  disturbance  of  the 
functions  of  digestion  and  absorption  ensue,  the 
animal  becomes  thin,  its  hair  falls  ofi",  and  it  dies 
apparently  from  debility.  Life  can,  however,  be  pre- 
served for  years  if  the  food  supplied  is  in  large 
quantity.  It  is  not,  therefore,  absolutely  necessary, 
and  in  the  case  of  the  woman  observed  by  Copeman 
and  Winston,  and  above  referred  to,  though  none  of  the 
bile  appeared  to  enter  the  intestine,  the  general 
nutrition  of  the  patient  did  not  appear  to  be  impaired. 
The  chief  uses  that  have  been  demonstrated  are  :  (1) 
That  bile  moistens  animal  membranes,  and  permits 
oil  or  emulsions  of  oil  to  pass  through  them  with 
facility ;  this  property  is  not  due  to  the  alkalinity  of 
the  bile,  for  it  is  possessed  by  the  pure  biliary  salts. 
The  importance  of  this  property  in  the  process  of 
absorption  is  great.  (2)  That  it  is  of  some  though 
not  of  great  importance  in  the  assimilation  of  proteids. 
(3)  That  bile  acts  as  a  stimulant  alike  to  the  neuro- 
muscular and  glandular  apparatus  of  the  walls  of  the 
intestines,  increasing  the  peristaltic  action  and  the 
secretion  of  intestinal  fluids.  Lastly,  that  bile  is  an 
antiseptic,  providing  fat  enters  largely  into  the  diet. 
Hence  when  bile  is  formed  or  enters  the  intestine 
in  insufficient  quantity  hunger  is  experienced,  the 
bowels  are  usually  costive,  much  gas  is  developed, 
and  the  faeces  are  pale  and  ill-smelling.  In  passing 
along  the  alimentary  canal  the  biliary  salts  are  de- 
composed, and  the  free  taurin  and  glycine  probably 
undergo   reabsorption,  for   little   or  none   of  the 
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taurocholates  and  glycocholates  are  discharged  with 
the  faeces,  though  in  the  dog  the  fseces  contain  some 
cholalic  acid,  which  may  undergo  further  decomposi- 
tion into  dyslysin ;  and  it  is,  perhaps,  to  the  loss  of 
sulphur  by  the  economy  that  the  ill  effects  of  biliary 
fistulas  are  partly  due,  the  hair  in  particular  being 
deprived  of  one  of  its  most  important  constituents. 
Urobilin  seems  to  be  formed  in  the  liver,  whilst  sterco- 
bilin  is  a  product  of  decomposition  of  bile  in  the 
intestine.  The  cholesterin  is  discharged  by  the  faeces. 
Lecithin,  under  the  influence  of  the  steapsin  of  the 
pancreatic  juice,  very  quickly  decomposes  into  oleic 
or  palmitic  or  stearic  acid,  cholin,  and  glycerin, 
phosphoric  acid ;  and  these  are  in  part  re-absorbed  ; 
but  it  is  thought  by  many  to  be  the  mother  of  the 
poisonous  alkaloids  which  are  produced  simultaneously 
with  the  cholin. 


I  foetal  life. 
1  adult  life. 


Table  of  the  Functions  of  the  Liver. 

1.  The  secretion  and  bile. 

Functions  of  bile  :- 

a.  As  an  excretion  in 
h.  As  a  secretio 

1.  Antiseptic. 

2.  Natural  purgative. 

3.  Emulsifies 

(?)  Helps  to  saponify  them. 

4.  Promotes  their  absorption. 

6.  Precipitates   acid   pepsin-peptones,  and 
parapep  tones. 

2.  Forms  urea,  and  perhaps  uric  acid,  possibly  from  leucin 
and  tyrosin,  outside  body  (Dalton). 

3.  It  possesses  glycogenic  functions. 

4.  Forms  (foetal)  blood  corpuscles,  and  (?)  helps  to  destroy 
them  in  adults. 

6.  Stops  metalUc  poisons,  as,  for  example,  copper  and 
arsenic,  ptomaines,  and  other  alkaloidal  poisons.  [sible. 

6.  (?)  Alters  characters  of  peptones,  renders  them  non-diffu- 

7.  (?)  Excretes  cholesterin. 

8.  Aids  in  maintaining  animal  heat  by  active  metabolism. 
The  pancreas  lies  in  the  loop  formed  by  the 


Chap.  VIII.]  The  Pancreas.  203 

duodenum,  and  weighs  about  3  oz.  The  duct  opens  into 
the  duodenum  with  the  ductus  communis  choledochus. 
It  is  a  follicular  gland.  The  acini  of  the  gland  are 
lined  by  cells,  and  in  each  cell,  when  quiescent  just 
before  digestion,  three  regions  or  zones  are  recognisable, 
a  basal  or  peripheral  zone  near  the  attached  extremity, 
which  is  homogeneous,  free  from  granules,  and  which 
stains  with  carmine ;  a  median  zone,  occupied  chiefly 
by  the  nucleus ;  and  an  internal  zone  at  the  free 
extremity,  which  is  granular,  and  does  not  stain  with 
carmine.  Soon  after  digestion  commences,  when 
secretion  is  most  active,  the  internal  zone,  at  first 
large,  becomes  smaller  and  more  granular,  whilst  the 
peripheral  zone  augments,  and  ultimately  almost  fills 
the  cell,  the  median  zone,  with  the  nucleus,  remaining 
unaltered.  As  the  secretion  becomes  less  active,  the 
internal  granular  zone  reforms  at  the  expense  of  the 
peripheral  zone.  Thus,  during  secretion,  the  material 
which  has  been  gradually  forming  in  each  cell,  and 
which  has  accumulated  near  its  free  extremity,  is 
discharged,  whilst  new  matter  is  taken  up  from  the 
blood  by  the  protoplasm  at  the  base  of  the  cell,  to  be 
elaborated  in  the  interval  of  digestion.  If  the 
pancreas  taken  from  the  living  animal  be  extracted 
with  glycerin,  the  glycerin  extract  does  not  act  on 
proteids,  and  only  contains  traces  of  a  peptone-forming 
ferment  named  trypsin ;  but  it  does  contain  a  mother 
substance,  named  by  Heidenhain  zymogen  substance, 
which  is  believed  to  be  a  combination  of  trypsin  with 
a  proteid,  and  the  trypsin  is  set  free  by  the  mere 
presence  of  water  at  a  moderately  high  temperature, 
of  weak  acids,  or  of  oxygen,  whilst  its  separation  is 
retarded  by  sodium  chloride  and  by  the  alkaline 
carbonates.  If,  instead  of  the  pancreas,  the  pancreatic 
juice  is  extracted  with  glycerin,  no  zymogen  substance 
is  obtained,  but  the  trypsin  itself.  Hence  at  the 
moment  of  secretion  zymogen  ferment  is  converted 


204 


Human  Physiology,         [Chap.  viii. 


into  trypsin.  The  largest  quantity  of  zymogen  is 
found  fourteen  hours  after  food.  A  day-old  pancreas 
yields  a  more  active  extract  than  a  fresh  one. 

The  pancreatic  juice. — The  pancreatic  juice  is 
secreted  intermittingly,  and  enters  the  alimentary 
canal  by  the  same  orifice  as  the  bile.  It  is  a  thick, 
transparent  fluid,  secreted  sparingly,  the  quantity  ob- 
tained from  a  fistula  in  a  large  dog  during  one  act  of 
digestion  being  only  about  one  gramme  or  one  gramme 
and  a  half.  It  is  colourless  and  tasteless,  and  has  a 
strong  alkaline  reaction.  It  contains  so  much  albu- 
min that,  on  boiling,  it  coagulates,  and  its  albumin  is 
precipitated  by  all  the  mineral  acids.  The  composi- 
tion of  the  pancreatic  juice  is :  water,  90  per  cent.  ; 
organic  substances  (albumin  and  ferments),  9 ;  and 
mineral  constituents,  of  which  sodium  chloride  forms 
by  far  the  greatest  part,  1  part.  The  gland  is  most 
active  two  hours  after  food,  then  secretes  more  slowly, 
and  again  becomes  more  active  about  five  to  seven 
hours  after  the  meal. 

Uses  of  tlie  pancreatic  juice.  —  Though 
secreted  in  such  small  quantity,  the  pancreatic  juice 
is  one  of  the  most  important  of  the  digestive  fluids, 
for  it  contains  three  hydrolytic  ferments  :  a  peptone- 
forming  ferment,  trypsin ;  a  fat-splitting  ferment, 
steapsin  ;  and  a  diastatic  ferment,  amylopsin. 

1.  Action  on  albumins, — Trypsin  converts  proteids 
first  into  alkali-albumin  and  then  into  true  peptones. 
This  action  of  the  trypsin  of  the  pancreatic  juice  on 
proteids  only  takes  place  in  an  alkaline  fluid,  and  is 
of  a  corrosive  nature.  Cubes  of  coagulated  albumen 
subjected  to  the  action  of  the  juice  do  not  swell  up, 
as  in  gastric  juice,  but  are  slowly  eroded  or  eaten 
away.  The  activity  is  dependent  partly  on  the 
quantity  of  ferment,  and  partly  on  that  of  sodium 
carbonate  contained  in  the  juice.  Beyond  a  certain 
point  the  addition  of  ferment  causes  no  increase; 
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with  a  medium  quantity  of  ferment  about  1  per  cent, 
of  sodium  carbonate  is  most  effective.  If  the  action 
of  the  trypsin  be  continued  on  the  peptones,  about 
one-half  becomes  antipeptone,  which  is  not  capable 
of  undergoing  any  further  digestive  changes,  whilst 
the  remainder  is  converted  into  the  amido-acids, 
leucin  and  tyrosin,  and,  when  the  peptones  are 
derived  from  fibrin  and  gluten,  asparaginic  acid  ap- 
pears. Still  more  protracted  action  leads  to  the 
formation  of  the  foetid  substances  named  indol  and 
phenol.  Put  into  a  tabular  form,  the  action  of  trypsin 
may  be  thus  represented  : 

Albumin  -|-  trypsin  +  soda  solution  of  1  per  cent,  forms 
at  the  body  temperature,  first  alkali-albumin,  insoluble  in 
■water,  and  then 


2.  Action  on fats. — Pancreatic  juice  exerts  a  double 
action  on  fats ;  it  first  converts  them  into  an  emulsion, 
and  then  decomposes  them  with  the  absorption  of  water 
into  glycerin  and  the  fatty  acids.  Two  grammes  of 
pancreatic  juice  are  required  to  emulsionise  one  gramme 
of  fat.  After  complete  decomposition  by  the  agency 
of  the  steapsin,  the  fatty  acids  form  soaps  with  the 
alkali  of  the  juice  and  of  the  intestinal  fluid. 

3.  Action  on  Staunch. — The  action  of  the  pancreatic 
juice  on  starch  resembles  that  of  saliva,  though  it  is 
much  more  energetic,  the  amylopsin  it  contains  acting 
not  only  on  boiled  but  on  raw  starch,  converting  each 
into  dextrin  and  grape  sugan 


Hemipeptone 


Antipeptone, 


Indol. 
Phenol. 
Fatty  acid. 
Ammonia. 
Sulphuretted 


hydrogen. 
Hydrogen. 
Carbonic  acid.  ^ 


Putrefactive 
products. 
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The  extirpation  of  the  pancreas,  or  the  ligature  of 
the  duct  of  Wirsung,  or  the  obliteration  of  this  duct 
by  means  of  injections,  are  operations  that  appear  to 
be  well  borne  by  mammals,  though  followed  by  the 
discharge  of  much  free  fat  by  the  intestines ;  but  in 
pigeons  the  processes  of  digestion  are  so  seriously 
interfered  with  that  death  invariably  occurs. 

Innervation  of  the  pancreas.— There  appears 
to  be  a  centre  controlling  the  secretion  in  the  medulla 
oblongata;  the  nerves  proceed  from  the  splenic, 
hepatic,  and  superior  mesenteric  plexuses,  but  the 
nervous  circle  is  not  accurately  known.  Induction 
currents  applied  to  the  gland  induce  secretion.  The 
secretion  of  the  gland  is  arrested  by  atropine.  It  is 
discharged  under  a  pressure  of  about  17  mm.  Hg. 

Movements  of  the  small  intestine. — The 
arrangement  of  the  longitudinal  and  circular  layers  of 
muscular  fibre  in  the  walls  of  the  intestine  enables  it 
to  execute  peristaltic  movements,  under  the  influence 
of  Auerbach's  plexus  of  nerves  which  lies  between 
them,  the  effect  of  which  is  to  propel  the  fluid  or 
pulpy  contents  from  above  downwards  with  varying 
rapidity.  These  waves  of  contraction  are  excited 
by  the  presence  of  food,  which  stimulates  the 
sympathetic  fibres,  and  then  acts  through  reflex 
centres  situated  in  the  sympathetic  ganglia  and  in 
the  spinal  cord,  but  the  precise  nervous  circle  has 
not  been  accurately  ascertained.  A  powerful  in- 
hihitory  influence  on  the  intestinal  movements  is 
exerted  through  the  splanchnic  nerves.  Stimulation  of 
these  nei'ves  causes  vascular  contraction  and  ansemia, 
with  inhibition  of  the  movements,  whilst  section  of 
the  nerves  causes  congestion  of  the  intestinal  vessels 
and  increased  peristaltic  action.  In  certain  circum- 
stances, as  when  there  is  much  food  in  the  intestine, 
feeble  stimulation  of  the  vagus  excites  peristaltic 
action. 
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Peristaltic  movements  may  be  induced  or  intensi- 
fied by  the  direct  action  of  electrical  currents,  by 
mechanical  irritation,  by  cold,  and  by  the  application 
of  concentrated  saline  solutions;  also  by  all  circum- 
stances increasing  the  venosity  of  the  blood  circu- 
lating in  the  intestine,  such  as  general  asphyxia, 
pressure  on  the  aorta,  ligature  of  the  mesenteric  arte- 
ries ;  and  lastly,  by  nicotin,  muscarin,  cafiein,  and 
most  purgatives.  Morphia,  and  belladonna  have  an 
ojDposite  elfect  (Fredericq). 

Function  of  the  glands  of  the  small  intes- 
tine in  dig:estion. — The  walls  of  the  small  intestine 
contain  two  sets  of  glands  :  the  glands  of  Brunner, 
chiefly  or  exclusively  found  in  the  duodenum,  and 
the  glands  of  Lieberkiihn,  which  are  closely  arranged 
in  the  mucous  membrane  in  its  whole  extent.  The 
secretion  of  the  tubular  and  convoluted  glands  of 
Brunner  appears  to  resemble  that  of  the  pancreas 
in  containing  a  diastatic  ferment  capable  of  convert- 
ing starch  into  sugar ;  and  a  glycerin  extract  of  the 
upper  part  of  the  duodenum,  where  these  glands  are 
most  abundant,  yields  a  ferment  which  dissolves 
fibrin  easily.  The  secretion  of  Lieherkuhn^s  follicles 
can  best  be  obtained  by  a  Thiry's  fistula,  which  is 
thus  made  :  An  excised  piece  of  intestine,  still  con- 
nected with  mesentery,  is  ligatured  at  one  end,  while 
the  other  is  united  with  the  abdominal  wound.  The 
continuity  of  the  intestine  is  repaired  by  carefully 
sewing  the  ends  together.  An  alkaline  opalescent 
fluid  is  obtained,  which,  according  to  some  authors^ 
acts,  like  the  pancreatic  juice,  upon  all  the  consti- 
tuents of  the  food,  proteids,  fats,  and  carbohydrates. 
The  use  of  the  valvules  conniventes  is  not  only  to 
present  a  larger  surface  for  absorption,  but  to  delay  - 
the  progress  of  the  food,  and  thus  enable  the  diges- 
tive process  to  be  conducted  more  slowly  and 
perfectly. 
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Chang^es  of  the  chyme  in  the  small  intes- 
tine.— The  chyme  (described  at  page  189)  becomes 
alkaline  or  neutral  in  the  jejunum,  owing  to  ad- 
mixture with  the  biliary,  pancreatic,  and  intestinal 
secretions;  but  in  the  ileum  ifc  again  becomes  acid, 
from  the  formation  of  acids  consequent  on  the  putre- 
faction of  proteids  and  upon  fermentation  processes. 
Thus :  Pepsin  and  trypsin  acting  on  albumin  yield 
peptone,  leucin,  ty rosin,  xanthin,  asparaginic  acid. 
Steapsiri  acting  on  fats  converts  them  into  glycerin 
and  the  fatty  acids.  Lactic  ferment  acting  on  milk 
sugar  converts  it  into  grape  sugar,  and  this  into  lactic 
acid.  Butyric  ferment  acting  on  lactic  acid  yields 
butyric  acid  +  carbonic  acid  and  hydrogen. 

Unknown  ferments  convert  taurocholic  acid  into 
taurin  and  cholic  acid  ;  cellulose  into  carbonic  acid 
and  marsh  gas ;  albumin  into  globulin,  peptone,  and 
leucin,  tyrosin,  xanthin,  indol,  phenol,  skatol,  fatty. 
and  carbonic  acids,  ammonia,  sulphuretted  hydrogen  ; 
and  malic  and  tartaric  acids  into  butyric  and  acetic 
acids  with  evolution  of  COg. 

Amongst  the  final  products  of  the  putrefactive 
decomposition  of  non-azotised  substances,  after  the 
oxygen  in  the  intestines  is  consumed,  are  CH^,  or 
marsh  gas,  and  COg.  The  contents  of  the  small  in- 
testine begin  to  assume  the  appearance  and  consistence, 
and  to  give  the  odour  of,  faeces  in  the  lower  part  of 
the  ileum. 

I>ig[estion  in  the  larg'e  intestine. — The  con- 
tents of  the  large  intestine  are  usually  acid  in  the 
upper  part  from  lactic  acid  and  other  fermentations, 
and  by  far  the  larger  portion  of  the  nutritive  materials 
of  the  food  has  been  absorbed  in  the  lower  part ; 
they  gain  in  consistence,  and  are  more  or  less  periodi- 
cally discharged  as  faeces.  The  fceces  consist  (1)  of 
elastic  tissue,  woody  fibre^  the  husks  of  grain,  and 
fragments  of  most  of  the  constituents  of  the  food 
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which  have  been  hurried  on  before  being  thoroughly 
incorporated  with  and  digested  by  the  gastric  and 
other  fluids ;  (2)  of  the  products  of  disintegration  of 
the  biliary  colouring  matters ;  (3)  of  unaltered 
mucin  and  nuclein ;  (4)  of  combinations  of  fatty 
acids  with  lime,  especially  after  milk  diet ;  (5)  of 
salts,  especially  those  which  diffuse  with  difficulty, 
as  the  ammoniaco-magnesian  phosphate  and  phosphate 
of  lime.  According  to  J.  Munk,  human  faeces  con- 
tain from  two  to  ten  per  cent,  of  albuminoids  con- 
tained in  food  of  animal  origin,  such  as  meat,  eggs, 
and  milk,  fifteen  per  cent,  of  albumin  of  leguminous 
plants,  fifteen  to  thirty  per  cent,  of  the  albumin  of 
rice,  bread,  and  potatoes.  Starch  is  almost  com- 
pletely digested,  only  about  one  per  cent,  appearing 
in  the  faeces ;  and  fat  is  almost  completely  absorbed, 
only  five  per  cent,  reappearing,  unless  the  quantity 
ingested  have  been  unusually  large.  The  quantity  of 
the  faeces  discharged  per  diem  is  on  the  average  170 
grammes  (about  3,000  grains).  It  is  greater,  and  the 
faeces  are  less  ofiensive,  on  vegetable  than  on  animal 
diet.  They  contain  75  per  cent,  of  water.  The  foetid 
odour  is  due  to  indol  and  skatol. 

Fate  of  the  ferments. — Of  the  various  ferments 
which  proceed  from  the  salivary,  peptic,  pan- 
creatic, and  intestinal  glands,  and  which  in  the  aggre- 
gate must  amount  to  a  considerable  quantity,  very 
little  escapes  from  the  body  either  by  the  urine  or  the 
faeces ;  and  evidence  has  been  adduced  by  Langley 
which  seems  to  show  that  the  amylolytic  ferment 
produced  by  the  salivary  glands  is  destroyed  by  the 
hydrochloric  acid  of  the  gastric  juice  ;  that  the  proteo- 
lytic and  rennet  ferments  generated  by  the  gastric 
glands  are  destroyed  by  the  alkaline  salts  of  the 
pancreatic  and  intestinal  juices,  and  by  trypsin ; 
and  that  the  proteolytic  and  amylolytic  ferments 
produced  by  the  pancreas  are  not  improbably 
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destroyed  in  the  large  intestine  by  the  acids  there 
formed. 

Oases  of  the  alimentary  canal. — These  partly 
consist,  in  the  stomach,  of  nitrogen  of  air  that  has 
been  swallowed  with  the  food,  and  partly  of  carbonic 
acid  gas  evolved  during  processes  of  fermentation.  The 
oxygen  of  the  air  that  is  swallowed  is  soon  absorbed. 
In  the  lower  part  of  the  alimentary  canal  nitrogen 
is  usually  found,  but  there  are  also  considerable 
quantities  of  hydrogen  and  carbonic  acid  gas.  In  some 
cases  marsh  gas  has  been  found  in  the  proportion  of 
50  per  cent,  or  more  of  the  total  quantity  of  gas. 

Hefsecation.— The  lower  outlet  of  the  alimen- 
tary canal  is  guarded  by  the  external  and  internal 
sphincters,  which  preserve  a  state  of  persistent  con- 
traction, sometimes  named  their  tone,  which  is  evi- 
dently due  to  the  constant  influence  of  the  spinal 
cord  ]  since,  if  this  be  destroyed,  relaxation  of  the 
muscular  tissue  occurs,  and  the  contents  of  the  bowel 
are  discharged.  The  action  of  the  sphincters  is  re- 
inforced by  that  of  the  levator  ani.  The  internal 
sphincter  is  partly  formed  of  striated  muscular  tissue, 
and  is  to  some  extent  under  the  influence  of  the  will, 
but  is  chiefly  composed  of  unstriated  muscle,  which  is 
altogether  withdrawn  from  voluntary  control.  The 
nervous  mechanism  is  complicated.  The  stimulus  is  the 
presence  of  faeces  acting  on  afferent  fibres  distributed 
to  the  mucous  membrane  of  the  rectum,  which  conduct 
impulses  to  the  anospinal  centre,  situated  in  the  lumbar 
region  of  the  cord  ;  from  this,  efferent  fibres  conducting 
motor  impulses  proceed  to  the  unstriated  muscles  of 
the  intestine,  and  increased  peristalsis  results.  But 
this  is  not  all.  The  expulsion  of  the  contents  of  the 
rectum  must  be  preceded  by  the  relaxation  or  inhibi- 
tion of  the  sphincter,  as  well  as  of  the  fibres  of  the 
levators  ani,  and  there  must  therefore  be  an  inhibitory 
centre.    The  experiments  of  Ott  show  that  centres 
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inhibiting  the  anospinal  centre  are  situated  in  the  base 
of  the  thalami  and  the  upper  end  of  the  crura  cerebri ; 
the  fibres  run  in  the  middle  third  and  internal  half  of 
the  lateral  columns  of  the  cord.  They  appear  to 
decussate,  the  highest  point  of  decussation  being  in 
the  pons,  and  the  lowest  point  being  about  half  an 
inch  below  the  apex  of  the  calamus  scriptorius.  Under 
ordinary  circumstances,  the  abdominal  muscles  act  but 
slightly,  and  then  by  an  exertion  of  the  will ;  but  if 
the  stimulus  be  violent,  strong  motor  impulses  may 
radiate  to  the  abdominal  muscles,  which  then  act 
spasmodically  and  involuntarily,  just  as  in  parturition. 
In  diarrhoea,  with  involuntary  discharge  of  faeces,  the 
voluntary  control  over  the  external  sphincter  is  lost, 
and  the  stimulus  excites  the  anospinal  centre  too 
powerfully  for  the  internal  sphincter  to  resist,  whilst 
the  abdominal  muscles  often  contract  with  great 
violence.  The  discharge  of  the  faeces  usually  takes 
place  once  or  twice  in  twenty-four  hours.  Irregularity 
in  the  performance  of  this  function  leads  to  many 
troubles. 

Absoii^tion  of  food.— The  object  of  the  diges- 
tive process  is  to  render  the  insoluble  substances 
taken  as  aliment  soluble ;  in  other  words,  to  convert 
colloids,  such  as  albumin,  gluten,  and  gelatin,  into 
crystalloids,  such  as  the  peptones ;  and  the  conditions 
that  exist  in  the  alimentary  canal  are  well  calculated 
to  favour  the  diffusion  of  these  substances  into  the 
blood  and  lymph.  In  the  intestine  is  a  current  of 
fluid,  charged  with  diffusible  or  crystalloid  materials, 
sugars  and  peptones,  whilst  in  the  walls  of  the  intes- 
tine are  two  systems  of  vessels,  the  blood-vessels  and 
the  lymphatics,  both  of  which  contain  albumin  and 
colloidal  substances  moving  with  considerable  rapidity. 
A  current  is  accordingly  established  from  the  intestine 
towards  the  blood-vessels,  which,  it  is  known,  take  up 
and  carry  off,  both  from  the  stomach  and  the  intestinal 
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canal,  a  large  proportion  of  the  products  of  digestion. 
Tlie  absorption  of  the  fats,  however  minutely  we  may 
conceive  them  to  be  divided,  is  more  difficult  to 
explain.  It  has  generally  been  held  that  it  is  effected 
by  the  protoplasm  of  the  columnar  cells  which  invest 
the  villi,  aided,  perhaps,  by  the  movements  of  the 
rods  which  form  the  striated  border.  Some  recent 
investigations,  however,  seem  to  show  that  it  may  be 
in  part  due  to  amoeboid  cells  which  lie  at  the  bases  or 
attached  extremities  of  the  columnar  epithelial  cells 
of  the  villi  and  intestinal  mucous  membrane,  and 
send  up  long  processes  between  the  cells  to  the 
surface,  where  they  seize  upon  and  ingest  the  passing 
particles  of  fat,  and  conduct  them  to  the  commence- 
ment of  the  lymphatics,  here  called  lacteals. 

Table  of  Digestion. 

1.  Mouth. 

Food  mecliaiiically  subdivided.    Mixed  with  saliva. 
Ftyalin  (of  saliva)  acts  on  carbohydrates,  changing 

starch  into  |  ^^^qq^  |  dextrin,  then  into  maltose. 

2.  Stomach. 

(1)  Proteids  changed  by  pepsin  and  HCl  into 
{a)  Acid  albumin,  or  parapeptone. 

Anti-  I  -^Ibumose.  Casein  (of  milk)  first  pep- 
jj       I  tonised  by  rennet,  then 

(c)  J  Peptone.  peptonised. 

(2)  Gastric  mucus  can  change  cane  sugar  (CgHggOn) 
into  grape  sugar  (CgH;^2^6)- 

(3)  The  connective  tissue  in  adipose  tissue  is  pep- 
tonised, as  are  the  quasi-proteids. 

3.  Pancreatic  Juice 

(1)  Trypsin  turns  proteids  into 

{a)  Alkali  albumin  \  and  acting  further,  con- 
Ib)  \  albumose  (  hemipeptone  into 

^  '  Anti-  j  >    leucm  and  tyrosm. 

(2)  Amylopsin. 

Same  as  ptyalin  of  saliva. 
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Same  as  in  stomach.     Casern  peptomsed  by 
trypsin. 
(4)  Steapsin. 


SpUts  fats  into  {f^^^f 


The  fatty  acid  com- 
bines with  any  free 
alkali  present  to 
form  a  soap. 


4.  Succus  Entericus. 

(1)  Proteolytic. 

(2)  Amylolytic. 

(3)  Can  change  cane  into  grape  sugar  (Inversive 
ferment). 

THE  LYMPHATICS  AXD  LACTEALS,  LYMPH  AND  CHYLE. 

A  system  of  tubes  is  widely  distributed  through 
the  body,  which,  commencing  sometimes  in  inter- 
communicating stellate  spaces,  sometimes  by  free 
blind  extremities,  and  sometimes  by  channels  surround- 
ing blood-vessels,  at  length,  after  traversing  one  or 
more  glands,  terminates  by  two  large  vessels  that 
open  at  the  points  of  junction  of  the  jugular  and  sub- 
clavian veins.  That  on  the  left  side  is  by  far  the 
largest,  and  is  named  the  thoracic  duct.  These  tubes 
contain  lymph,  but  the  lymphatics,  which  arise  in  the 
villi  of  the  small  intestine,  present  special  characters, 
and  are  named  the  lacteals,  and  the  fluid  they  contain 
is  termed  chyle.  The  larger  lymphatics  are  less  uni- 
formly cylindrical  than  the  blood-vessels,  but  present 
similar  coats,  an  external  of  connective  tissue,  a  middle 
composed  of  muscular  tissue  of  the  unstriated  kind,  and 
an  internal  coat  of  flattened  cells  with  sinuous  outline, 
named  collectively  the  endothelium.  In  the  smaller 
lymphatics  the  wall  is  reduced  to  a  single  layer  of 
endothelium.  The  lymphatics,  like  veins,  have 
numerous  valves  in  their  interior,  and  frequently 
anastomose.  The  lymphatic  system  has  close  rela- 
tions with  the  cavities  of  the  serous  membranes,  with 
which  it  communicates  by  means  of  minute  orifices 
or  stomata.    These  are  surrounded  by  germinating 
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epithelium,  which  probably  gives  origin  to  leucocytes. 
Milk  or  other  bland  fluid  injected  into  the  serous 
cavities  is  quickly  absorbed  into  the  lymphatic  system, 
a  process  that  in  the  case  of  the  pleura  and  peritoneum 
is  materially  aided  by  the  action  of  the  diaphragm. 
In  nearly  all  instances  the  lymphatics  are  in  relation 
with  lymphatic  glands,  which  are  composed  of  reti- 
form  connective  tissue,  the  meshes  of  which  are 
occupied  by  cells  and  blood-vessels.  The  fluid  lymph, 
on  arriving  at  a  gland,  percolates  through  its  loose 
spongy  tissue. 

Absorption  of  chyme  from  the  intestine.— 
In  following  the  absorption  of  the  products  of  diges- 
tion from  the  intestine  it  is  important  to  bear  in  mind 
that  it  is  effected  by  two  channels,  the  blood-vessels 
and  the  lacteals  ;  both  are  prolonged  into  the  villi,  and 
therefore  come  into  close  relation  with  the  current  of 
fluid  that  has  undergone  the  action  of  the  salivary, 
gastric,  biliary,  pancreatic,  and,  to  some  extent,  of  the 
intestinal  secretions.  In  both  instances,  however, 
several  layers  of  cells  have  to  be  traversed  by  the 
absorbed  fluids,  which  exert  in  all  probability  both  a 
selective  and  an  assimilating  action  upon  them  during 
their  passage.  The  structure  of  a  villus  represents  a 
finger-like  outgrowth  of  the  intestinal  mucous  mem- 
brane, in  the  axis  of  which  runs  the  lacteal,  communi- 
cating apparently  with  the  large  stellate  cells  that 
form  the  matrix  of  the  villus.  Immediately  surround- 
ing the  lacteal  is  a  layer  of  smooth  muscular  fibres 
prolonged  from  the  muscularis  mucosae  of  the  intestinal 
wall,  which  is  supplied  by  Meissner's  plexus  of  nerves, 
and  external  to  this  is  a  layer  of  capillary  blood- 
vessels. The  whole  is  enclosed  by  a  basement  mem- 
brane coated  with  cells,  the  free  extremities  of  which 
project  into  the  cavity  of  the  intestine. 

These  cells  present  many  points  of  interest.  The 
majority  resemble  aa,  Fig.  23,  in  being  columnar,  wider 
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towards  the  free  extremity,  narrowing  at  the  base  or 
foot,  where  it  rests  on  and  becomes  continuous  with 
the  basement  membrane.  The  protoplasm,  when 
feebly  stained  with  a  fourfold  stain  of  hsematoxylin, 
nigrosin,  eosin,  and  safranin,  exhibits  a  faint  reticula- 
tion. The  nucleus  is  oval,  near  the  centre  of  the  cell 
and  stains  more  deeply,  showing  also  reticulated  con- 
tents with  nodal  points 
and  nucleoli.  The  free 
margin  of  the  cell  pre- 
sents short  cilia,  which 
also  stain  deeply.  Be- 
tween attenuated  bases 
of  the  columnar  cells 
are  cells  of  polygonal 
form  (5),  destined  pro- 
bably to  replace  the 
columnar  cells  when 
their  life  is  ended. 
There  are  other  cells 
scattered  here  and 
there,  named  goblet, 
chalice,  or  mucus  cells 
(e),  which  seem  to  re- 
sult from  the  degenera- 
tion of  the  ordinary 
columnar  cells.  The 
mode  of  origin  of  a 
goblet  cell  from  a  columnar  cell  is  described=^  as  the 
result  of  the  division  of  the  nucleus  by  the  ordinary 
process  of  karyokinesis  (c)  and  the  formation  of  two 
nuclei,  one  of  which  recedes  towards  the  foot  and 
rests  the  other  takes  up  the  protoplasm  of  the 
cell,  becomes  much  larger,  and  generates  mucin,  which 
escapes  from  the  open  mouth  of  the  cell  (e). 

The  chyle  and  lympli. — These  fluids  may  be 
*  By  Steinhaus  in  the  Salamander,  Archivf.  Anat,  1888. 


Fig.  23.— Columnar  Cells  of  Intestine 
of  Triton.  {After  Steinhaus.) 
a  a,  Columnar  cells;  b,  youru?  cells;  c,  cell 
in  which  the  nucleiis  is  undergoing 
division ;  d, division  completed;  e, mucus 
or  goblet  cell,  showing  conversion  of 
upper  nucleus  into  mucus. 
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considered  together,  since  they  are  contained  in  the 
same  system  of  tubes,  and  only  differ  from  each 
other  at  certain  periods.  During  fasting  they  are 
alike,  but  when  digestion  is  in  progress  the  lympha- 
tics distributed  to  the  intestines  and  abdominal  viscera 
become  charged  with  the  products  of  digestion,  and 
their  contents  are  materially  modified  both  in  aspect 
and  in  chemical  composition. 

Properties  of  the  lympti, — Lymph  is  clear 
and  transparent,  contains  about  5  per  cent,  of  albumin, 
and,  after  passing  through  a  gland,  or  perhaps  even 
before,  lymph  corpuscles.  It  is  capable  of  feebly 
coagulating,  and  of  setting  into  serum  and  clot.  Its 
specific  gravity  is  about  1*027. 

Berivation  of  lymph. — Lymph  'plasma  is  be- 
lieved to  be  modified  liquor  sanguinis  which,  having 
escaped  from  the  blood-vessels,  has  irrigated  the 
tissues  and  ministered  to  their  nutrition.  The  salts 
it  contains  correspond  nearly  with  those  of  the  blood 
plasma.  It  is,  however,  a  more  watery  fluid,  the 
albumin  being  reduced  to  about  one-half  and  the  fibrin 
generators  to  two-thirds  of  the  quantity  in  which  they 
exist  in  the  blood.  It  is  probable  that  it  contains 
some  of  the  products  of  the  waste  of  the  tissues, 
which,  however,  are  not  so  far  destroyed  as  to  be  in- 
capable of  further  utility  in  the  system,  and  hence, 
after  traversing  the  glands  and  re-entering  the  blood, 
can  again  be  made  serviceable  in  the  economy. 

The  lymph  traversing  the  rootlets  of  the  system 
has  only  a  feeble  power  of  coagulation,  and  presents  few 
corpuscles  ;  but  after  passing  through  the  glands,  and 
especially  after  it  has  gained  entrance  into  the  thoracic 
duct,  it  acquires  the  power  of  coagulating  with  toler- 
able firmness  into  a  gelatinous  clot,  and  it  contains 
numerous  corpuscles,  some  of  which  appear  to  be  in 
process  of  development  into  coloured  blood  corpuscles. 
{See  Klein's  "Histology,"  pp.  90—98.) 
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The  lymph  corpuscles. — The  corpuscles,  or 
morphological  elements  of  the  lymph,  resemble  the 
white  corpuscles  of  the  blood,  and  they  are  derived 
(1)  from  the  corpuscles  which  are  so  abundant  in  the 
tissue  of  the  lymphatic  glands,  and  from  the  germinat- 
ing epithelium  surrounding  the  stomata  of  the  serous 
membranes  ;  (2)  from  the  adenoid  tissue  of  other  parts 
of  the  body,  as  the  mucous  and  submucous  tissue  of 
the  intestinal  tract,  the  spleen,  and  the  marrow  of 
bones  ;  (3)  some  may  also  be  true  white  corpuscles  of 
the  blood  which  have  wandered  into  the  lymphatic 
system,  especially  when  that  system  invests  the  blood- 
vessels as  with  a  sheath  ;  (4)  and  some,  lastly,  may 
originate  from  the  fission  or  division  of  previously 
formed  lymph  corpuscles.  In  the  dog  there  are  8,200 
in  one  cubic  mm.  of  lymph. 

Movement  of  the  lymph. — In  some  of  the 
lower  animals,  as  the  eel  and  frog,  contractile  cavities 
(lymph  hearts)  which  beat  rhythmically  effect  the 
movement  of  the  lymph  and  drive  it  through  the 
vessels  ;  but  none  such  are  known  to  exist  in  man, 
though  the  muscular  coat  of  the  lymphatics  may  exert 
a  feebly  propulsive  action.  The  movement  of  the  fluid 
in  the  lymph  spaces  and  tubes  is  effected  primarily  by 
the  pressure  under  which  the  blood  is  driven  by  the 
heart,  but  partly,  also,  by  the  pressure  exerted  by  the 
muscles  when  in  contraction,  aided  by  the  valves  dis- 
tributed through  the  system,  which  are  especially 
numerous  in  the  superficial  vessels.  Hence  exercise, 
by  quickening  the  flow  of  fluid,  prevents  the  accumula- 
tion of  waste  products  in  the  tissues,  and  promotes  their  ^ 
healthy  nutrition.  There  is,  also,  a  suction  influence 
exerted  at  the  point  where  the  thoracic  duct  opens  into 
the  junction  of  the  subclavian  and  jugular  veins, 
which  is  occasioned  by  the  swift  flow  of  venous  blood 
over  the  orifice  of  the  duct.  A  slight  additional  force 
may  be  derived  from  the  act  of  inspiration.  The 
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rapidity  of  the  flow  of  the  lymph  is  about  4  mm.  per 
second,  and  the  pressure  of  the  lymph  against  the 
walls  of  the  thoracic  duct  is  about  12  mm.  Hg.  ;  but 
it  probably  undergoes  great  variations,  M.  Colin  obtain- 
ing from  a  lymphatic  in  the  neck  of  a  horse,  2  mm. 
in  diameter,  60  grammes  of  lymph  per  hour  when 
the  animal  was  in  repose,  and  from  the  same  lymphatic 
when  mastication  and  movements  of  the  neck  were 
being  performed,  100  or  even  110  grammes  per  hour. 

Properties  of  chyle. — The  fluid  absorbed  by 
the  lymphatics  of  the  intestine  during  digestion  is 
termed  the  chyle,"  or  "  lacteal  fluid,"  because  it 
presents,  especially  when  much  fat  has  been  contained 
in  the  food,  a  milky  aspect.  It  is  an  alkaline  fluid, 
with  a  sp.  gr.  of  1012 — 1022.  It  contains  sugar, 
albumin  in  the  form  of  peptone,  and  salts  in  solution, 
and  fat  molecules  in  suspension  or  in  the  state  of 
emulsion.  In  addition,  even  in  the  villi,  there  are  a 
few  lymphoid  cells,  and  these  increase  in  number 
after  the  chyle  has  passed  through  one  or  more  of  the 
lymphatic  glands  of  the  mesentery.  In  these  glands 
a  process  of  elaboration  or  assimilation  takes  place,  as 
a  result  of  which  the  proteids  absorbed  are  converted 
into  tibrin  generators.  Hence  the  chyle  taken  from 
one  of  the  more  centrally  situated  lacteals,  or  from 
the  thoracic  duct  itself,  where  it  is  mingled  with  the 
lymph  coming  from  other  parts  of  the  body,  is  capable 
on  standing  of  coagulation,  separating  into  a  soft  and 
easily-broken  clot  and  a  serum.  In  the  upper  part  of 
the  thoracic  duct,  corpuscles,  presenting  the  character 
of  red  blood  corpuscles,  are  found,  which,  however, 
have  probably  escaped  from  the  vascular  system  and 
entered  the  lymphatic  system  of  the  spleen,  or  other 
abdominal  organ,  under  the  greatly  increased  venous 
pressure  attendant  upon  digestion. 

Quantity  of  the  chyle,— The  chyle  enters  the 
circulation  through  the  thoracic  duct  unintermittently. 
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The  quantity  is  large  with  ordinary  diet,  an  hour  or 
two  after  digestion  has  commenced,  and  sooner  if 
such  an  emulsion  as  milk  be  taken ;  and  it  is  esti- 
mated that  the  constant  and  more  equable  supply  of 
lymph  from  the  body  generally,  and  the  variable 
supply  of  chyle  from  the  digestive  organs,  each  con- 
stitute about  one-half  of  the  fluid  traversing  the 
thoracic  duct.  The  absolute  quantity  is  very  large. 
In  one  case,  six  kilos,  or  about  13  lbs.,  of  lymph 
were  obtained  in  twenty-four  hours  from  a  fistula 
in  the  thigh  which  opened  into  a  large  lymphatic. 

Movement  of  the  chyle  and  lymph.— The 
onward  current  of  the  chyle  is  maintained  : 

(1)  By  the  contraction  of  the  layer  of  unstriated 
muscular  tissue  in  the  villi,  which,  aided  by  the  valves 
in  the  larger  lacteals,  act  like  so  many  little  force- 
pumps,  driving  the  fluid  absorbed  into  the  central 
lacteal  onwards  to  the  subjacent  tubes. 

(2)  The  current  thus  established  will  be  increased 
in  those  lymphatics  which  form  sheaths  around  blood- 
vessels by  any  dilatation  of  these  blood-vessels,  the 
backward  current  being  prevented  by  valves,  whilst 
there  will  be  in  these  circumstances  an  increased 
quantity  of  interstitial  fluid. 

(3)  In  a  similar  manner,  increased  blood-pressure 
in  all  parts  of  the  body  will,  by  causing  increased 
filtration  through  the  blood-vascular  walls,  lead  to 
more  rapid  flow  of  lymph. 

(4)  The  act  of  inspiration  is  a  vis  a  fronte,  which, 
by  diminishing  the  pressure  in  the  vessels  within  the 
chest,  causes  a  current  to  set  from  the  vessels  outside, 
the  opposite  efiect  of  expiration  being  neutralised  by 
the  valves. 

(5)  A  powerful  agent  is  the  rapid  current  of 
venous  blood  over  the  mouth  of  the  opening  of  the 
thoracic  duct  into  the  angle  of  junction  of  the  jugular 
and  subclavian  veins. 
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(6)  The  movements  of  the  diaphragm  have  been 
shown  by  Klein  to  exert  an  influence  on  the  lymph 
circulation,  the  descent  of  that  muscle  in  inspiration 
dilating  or  expanding  the  pores  on  the  peritoneal 
surface,  whilst  its  ascent  in  inspiration  enlarges  those 
on  the  thoracic  surface. 

(7)  The  last  cause  to  be  mentioned  which  accele- 
rates the  onward  current  of  lymph  is  the  contraction 
of  the  lymphatics  themselves,  aided  again  by  the 
valves.  These  contractions  are  not  much  accentuated 
in  man  and  the  higher  animals ;  but  in  the  amphibia, 
and  some  fishes,  the  muscular  tissue  by  which  it  is 
effected  is  collected  into  definite  regions,  forming  true 
lymphatic-hearts,  which  contract  rhythmically  and 
propel  the  lymph  with  considerable  vigour.  Injury 
to  the  spinal  cord  in  proximity  to  these  hearts  arrests 
their  action.  The  rate  of  movement  in  the  chief 
cervical  duct  of  the  horse  is  estimated  at  about  one 
foot  per  minute.  The  lateral  pressure  in  the  thoracic 
duct  of  the  horse  is  about  12  mm.  Hg. 

The  nervous  system  acts  on  the  lymph  current 
though  its  distribution  to  the  smooth  muscular  fibres 
of  the  lymphatics. 
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CHAPTER  IX. 

GLYCOGENIC    FUNCTION    OF    THE    LIVER,   THE  SPLEEN, 
AND  DUCTLESS  GLANDS. 

Olycog'eii. — This  substance  is  widely  distri- 
buted. It  is  found  in  all  developing  animal  cells  and 
nerves,  in  embryonal  tissues,  and  in  the  villi  of  the 
chorion  ;  in  colourless  blood-corpuscles,  in  the  muscles, 
and  especially  in  the  cells  of  the  liver,  where  it  was 
first  recognised  by  Bernard,  and  where  it  exists  in  an 
amorphous  condition.  Bernard  believed  that  this  sub- 
stance, derived  from  the  food  and  elaborated  in  the 
liver,  was  converted  in  that  organ  into  sugar  by  the 
aid  of  a  ferment.  The  sugar  so  formed  was,  he  thought, 
immediately  absorbed  into  the  circulation  and  under- 
went oxidation  in  the  lungs.  Pavy  has,  however, 
shown  that  little  or  no  sugar  is  contained  in  the  blood 
returning  in  the  hepatic  veins  from  the  liver  to  the 
heart  during  life,  and  that  it  only  makes  its  appear- 
ance in  this  blood  after  (though,  it  must  be  admitted, 
very  quickly  after)  death. 

Mode  of  obtaining  glycog^en. — Bernard's 
method  was  as  follows  : — Cut  up  a  portion  of  liver 
recently  removed  from  an  animal  into  small  fragments, 
and  throw  them  into  boiling  water ;  pound  in  a 
mortar,  and  boil  for  a  quarter  of  an  hour  in  a  little 
water ;  pass  the  fluid  through  a  linen  cloth,  adding  to 
it  some  animal  charcoal.  To  the  opalescent  fluid  thus 
obtained  add  four  or  flve  times  its  volume  of  alcohol 
at  about  40^  C.  (100°  F.),  when  glycogen  will  be  pre- 
cipitated. This  must  be  well  washed  with  alcohol.  It 
may  be  further  purified  by  boiling  with  caustic  potash, 
precipitating  with  alcohol,  and  removing  any  adherent 
potash  with  acetic  acid. 
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Briicke's  method  is  to  throw  the  liver  into  boiling 
water  ;  then,  when  hardened,  to  pound  it  in  a  mortar, 
and  boil  the  mass  for  half  an  hour  in  water.  The 
milky  liquid  is  decanted,  and  fresh  water  added  as 
long  as  it  acquires  an  opalescent  tint.  These  liquids 
are  put  together,  refrigerated  and  filtered,  and  then 
there  are  added  alternately  hydrochloric  acid  and 
mercuro-potassic  iodide  as  long  as  a  precipitate,  con- 
sisting of  albuminous  compounds,  falls,  and  the  fluid 
is  filtered.  The  filtered  liquid  is  treated  with  alcohol, 
which  precipitates  the  glycogen.  The  liver  must  be 
very  fresh,  otherwise  it  is  replaced  by  sugar. 

Chemical  composition  and  properties  of 
glycog'en. — The  composition  of  glycogen  is  expressed 
by  the  formula  OgH-^QOg,  and  it  is  therefore  isomeric 
with  starch  and  dextrin.  It  is  a  white  powder 
without  smell  or  taste,  insoluble  in  alcohol  and  ether, 
but  dissolving  in  boiling  water,  and  forming  an 
opalescent  fluid,  which  rotates  the  plane  of  polarised 
light  strongly  to  the  right.  On  the  addition  of  an 
alkali  the  opalescence  disappears ;  with  ioduretted 
potassium  iodide  it  gives,  not  a  blue  colour  like  starchy 
but  a  red  colour,  which  disappears  with  heat,  and 
reappears  on  cooling.  It  does  not  reduce  the  oxide  of 
copper  in  an  alkaline  solution  of  copper  sulphate, 
which  distinguishes  it  from  glucose.  It  is  precipi- 
tated by  lead  acetate,  which  distinguishes  it  from 
dextrin ;  when  boiled  with  acids  it  is  converted  into 
achroo-dextrin  and  maltose,  and  it  undergoes  a  similar 
change  with  the  animal  ferments,  ptyalin  and  amy- 
lopsin. 

Quantity  of  g^lycogen  contained  in  the 
liver. — In  health  the  liver  always  contains  glycogen, 
the  quantity  varying  from  about  1 J  to  2|-  per  cent, 
of  the  weight  of  the  liver  in  man.  The  proportion 
differs  in  other  animals.  In  the  case  of  the  fowl  it 
has  been  known  to  rise  to  12  per  cent.    It  seems  to 
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be  chiefly  stored  up  around  the  nucleus  in  the  cells  in 
relation  with  the  hepatic  vein. 

Influence  of  food  on  glycogeny.— The  first 
and  most  important  factor  is  the  food.  If  a  dog  be 
supplied,  in  addition  to  its  proper  food  of  proteids  and 
fat,  with  a  considerable  quantity  of  starchy  with  sugar  of 
almost  any  kind,  such  as  cane,  grape,  milk,  or  fruit  sugar, 
or  with  glycerin,  a  large  accumulation  of  glycogen 
takes  place.  Mannite  and  inosite,  however,  and  gum, 
do  not  increase  it.  The  addition  of  fats  and  soaps  to 
the  ordinary  food  causes  no  increase.  The  effect  of 
a  free  supply  of  proteids,  even  if  starch  and  its  con- 
geners be  withdrawn  from  the  food,  is  to  maintain  a 
moderate  formation  of  glycogen  in  the  liver.  Gelatin 
does  not  conduce  to  the  production  of  glycogen. 

Prolonged  fasting  leads  to  its  total  disappearance. 

Influence  of  the  nervous  system  on  p^Iy- 
cogeny,— It  has  been  found  by  experiment  that 
lesion  of  the  floor  of  the  fourth  ventricle  near  its 
lower  part  produces  diabetes  or  saccharine  urine.  But 
this  part  of  the  medulla  oblongata  is  the  centre  of  the 
hepatic  vaso-motor  nerves,  and  lesion  of  these  nerves 
in  any  part  of  their  course  from  the  medulla  oblongata 
to  the  liver,  whether  in  the  spinal  cord  or  in  the 
sympathetic  cord,  also  leads  to  diabetes.  The  ex- 
planation that  is  offered  is,  that  such  lesions  as  those 
just  referred  to  seriously  interfere  with  the  circula- 
tion through  the  liver,  the  calibre  of  the  vessels  is 
altered,  the  current  of  blood  moves  at  a  slower  rate, 
and  the  liver  becomes  charged  with  sugar  because  the 
blood  ferment  has  now  time  to  act  on  the  glycogen 
and  effect  its  conversion  into  that  substance ;  or  it 
may  be  that  the  glycogen  is  broken  down  as  soon  as 
formed  into  other  compounds.  But  the  sugar  diffuses 
easily  into  the  blood,  and  is  immediately  filtered  off  by 
the  kidneys,  rendering  the  urine  secreted  saccharine. 
Section  of  the  splanchnics  prevents  the  occurrence 
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of  diabetes  after  puncture  of  the  floor  of  the  fourth 
ventricle,  and  even  if  diabetes  has  been  induced  by 
this  means  it  arrests  its  production.  The  reason  of 
this  is,  that  section  of  the  splanchnics  causes  such 
an  immense  accumulation  of  the  blood  in  the  portal 
vessels  and  abdominal  viscera  that  the  liver  is 
rendered  anaemic  and  hence  no  sugar  is  formed  in  it. 

The  ferment  to  which  reference  has  been  made  is 
considered  to  be  present  in  the  blood. 

Influence  of  drug^s  on  g^lycog^eny. — A 
variety  of  drugs,  which  are  capable  of  paralysing  the 
vaso-motor  nerves  of  the  liver,  act  like  puncture  of 
the  floor  of  the  fourth  ventricle,  and  by  retarding  the 
current  of  blood  through  its  vessels  lead  to  an  accumu- 
lation of  sugar  in  its  cells,  and  secondarily  to  diabetes. 
Such  are  curare,  when  artificial  respiration  is  not 
maintained ;  chloroform,  ether,  chloral,  and  amyl  nitrite. 

Mother  substance  of  g^lycog^en.  —  There 
seems  to  be  strong  reasons  for  believing  that  glycogen 
may  be  derived  directly  from  the  carbohydrates  of 
the  food  to  which  it  is,  in  its  chemical  composition,  so 
closely  allied ;  it  may,  however,  also  be  derived  from 
taurin  and  glycin ;  the  latter  substances  splitting  into 
glycogen  and  urea.  Its  increase  on  abundant  flesh 
diet  renders  it  probable  that  the  albumins  can  be 
broken  up  into  a  non-nitrogenous  portion — glycogen — 
and  a  nitrogenous  portion. 

Destination  of  g^lycog^en. — Pavy  and  others 
believe  that  during  life  no  conversion  of  glycogen  into 
sugar  takes  place,  or  at  least  that  there  is  no  evidence 
of  such  conversion,  but  most  experimenters  are  of 
opinion  that  sugar  is  being  constantly  formed  from 
glycogen  in  small  quantities,  and  is  taken  up  by  the 
hepatic  venous  blood,  which  is  believed  by  them  to  be 
richer  in  sugar  than  other  blood,  and  that  it  is  ap- 
plied either  to  the  production  of  heat  or  to  the  de- 
velopment of  muscular  force  by  oxidation. 
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Functions  of  the  spleen. — The  functions  of 
the  spleen  are  obscure.  It  is  believed  to  be  a  place 
where  red  blood-corpuscles  are  broken  down,  and  also 
one  where  white  corpuscles  are  formed.  It  is  evi- 
dently an  important  organ,  for  it  receives  a  large 
supply  of  blood,  and  the  relations  between  the  small 
arteries  and  veins  are  peculiar,  the  intermediate 
channels  being  of  the  nature  of  lacunar  spaces  rather 
than  of  capillary  vessels;  moreover,  the  circulation  in 
the  spleen  is  of  an  unusual  character,  in  the  circum- 
stance that  although  the  force  driving  the  blood 
through  the  vessels  is,  as  in  other  organs,  chiefly 
derived  from  the  heart,  yet  it  is  due  in  part  to  a 
rhythmic  contraction  of  the  unstriated  muscles  exist- 
ing in  the  capsule  and  trabeculae  of  the  organ.  Each 
rhythmic  contraction  with  the  succeeding  expansion 
lasts  in  dogs  about  one  minute,  and  may  be  demon- 
strated by  the  oncometer^  an  instrument  devised  by 
Roy.  It  consists  of  a  water-tight  chamber  into 
which  the  organ  is  introduced,  and  the  variations  in 
volume  are  read  off  from  the  index  of  a  manometer 
communicating  with  the  interior.  The  muscular 
fibre  cells  of  the  spleen  can  be  made  to  contract  by 
stimulation  of  a  cut  sensory  nerve,  or  of  the  medulla 
oblongata,  or  of  the  peripheral  extremities  of  the  cut 
splanchnics  and  vagi  through  which  the  motor  impulses 
seem  to  pass.  On  the  other  hand,  the  spleen  may  be 
extirpated,  both  in  animals  and  in  man,  without 
serious  result,  the  chief  effect  which  has  been  observed 
being  hypertrophy  of  the  lymphatic  glands  and  of 
the  red  marrow  of  bones  ;  and  it  is  reasonable  there- 
fore to  conclude  that  the  hypertrophied  tissues  dis- 
charge a  vicarious  function,  and  this  is  probably  the 
production  of  lymphoid  and  white  corpuscles.  Little 
information  in  regard  to  its  functions  can  be  obtained 
from  examination  of  the  blood  going  to  and  returning 
from  it,  but,  such  as  it  is,  it  seems  to  show  that  white 
p— 5 
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corpuscles  have  been  added  to  it.  In  diseases,  again, 
in  which  the  spleen  is  much  enlarged,  as  in  ague,  the 
blood  is  found  to  contain  an  excess  of  white  corpuscles, 
a  condition  that  is  named  leucaemia.  The  splenic 
arterial  blood  in  one  case  contained  one  white  to  2,200 
red  corpuscles,  whilst  in  the  blood  of  the  splenic  vein 
the  proportion  was  one  to  sixty.  Chemical  examina- 
tion of  the  splenic  pulp  affords  support  to  the  view 
that  red  corpuscles  are  broken  down  in  the  spleen, 
for  it  contains  many  of  the  products  of  their  regres- 
sive metamorphosis,  as  pigment,  leucin,  xanthin, 
hypoxanthin,  and  albuminous  compounds  rich  in 
iron  ;  inosite  ;  cholesterin  ;  and  lactic,  acetic,  formic, 
butyric,  uric,  and  succinic  acids.  Moreover,  under 
the  microscope  large  masses  of  protoplasm  are  found 
containing  red  corpuscles,  more  or  less  discoloured, 
to  the  number  of  ten  or  more.  It  has  hence  by  some 
been  regarded  as  a  storehouse  for  the  proteids. 

Functions  of  the  thymus  and  thyroid 
body. — These  organs,  sometimes  included  with 
the  suprarenal  bodies  under  the  general  title  of  the 
ductless  glands^  seem  to  be  remains  of  organs  which 
may  once  have  been  of  importance  in  the  economy, 
but  which,  in  the  process  of  evolution,  have  come  only 
to  play  a  subsidiary  part.  This  view  is  suggested  by 
the  temporary  activity  of  the  thymus,  which  attains 
its  largest  size  about  the  end  of  the  second  year  of  life, 
and  then  gradually  atrophies.  It  is  thought  that  both 
the  thymus  and  the  thyroid  body  may  minister  to  the 
formation  of  the  white  corpuscles  of  the  blood.  The 
chemical  composition  of  their  expressed  juice  resembles 
that  of  the  spleen.  As  in  the  case  of  the  spleen,  many 
different  views  have  been  entertained  in  regard  to  the 
function  of  the  thyroid,  the  following  being  the  most 
important  :  1.  That  it  is  a  blood  regulator  for  the 
upper  half  of  the  body,  and  especially  for  the  brain, 
so  that  when  this  is  likely  to  be  suddenly  rendered 
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anaemic,  as  on  assuming  the  erect  posture  after  long 
lying,  it  surrenders  blood  to  it ;  and  on  the  other 
hand,  when  the  brain  is  likely  to  be  surcharged,  as 
the  result  of  increased  action  of  the  heart,  it  becomes 
distended  with  blood.  It  may  also  act  in  another 
way  when  thus  distended  by  compressing  the  carotids, 
for  it  has  been  observed  that  when  very  violent  mus- 
cular efforts  are  made  the  carotids  are  pulseless. 
2.  That  it  is  a  blood-forming  gland.  3.  That  it  aids 
in  regulating  the  voice.  4.  That  it  is  a  respiratory 
organ.  5.  That  it  fulfils  a  merely  mechanical  func- 
tion, and  is  simply  an  elastic  cushion,  protecting  the 
subjacent  parts  from  cold  and  injury.  After  its  re- 
moval a  condition  analogous  to  myxoedema  may  occur, 
much  mucin  accumulating  in  the  tissues.  The  supra- 
renal capsules  receive  a  remarkable  nervous  supply, 
but  their  use  is  unknown. 
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CHAPTER  X. 

THE  FUNCTIONS  OF  THE  SKIN. 

The  skin  (for  the  structure  of  which,  and  of  its  ap- 
pendages, see  Klein's  "  Histology,"  Chap,  xxxiv.), 
in  the  first  place^  by  its  elasticity,  its  density,  and 
toughness,  protects  the  subjacent  parts  from  injury ; 
the  desquamation  or  scaling  of  the  surface,  which  is 
constantly  taking  place,  preserves  to  a  certain  extent 
its  cleanliness,  and  enables  the  body  to  throw  off 
harmful  adherent  particles,  such  as  the  spores 
of  fungi,  thorns,  and  the  like,  which  may  have  im- 
planted themselves  in  or  on  its  surface.  Secondly, 
the  rich  supply  of  nerves  in  its  tissue  renders  it 
a  highly  efficient  sensory  organ,  the  impressions  it 
receives  being  termed,  from  their  wide  distribution, 
those  of  common  sensation,  whilst  the  long  outrunners 
that  it  possesses  in  the  form  of  hairs,  and  the  ex- 
quisite sensibility  of  their  bulbs,  convey  to  the  mind 
important  information  of  the  approach  of  a  foreign 
body.  Thirdly,  the  immense  capillary  network  of 
blood-vessels  that  ramifies  in  its  substance  renders  it 
an  important  agent  in  the  regulation  of  the  heat  of 
the  body  ;  for  when  the  capillaries  are  contracted,  the 
bad  conducting  power  of  the  dermis  and  epidermis 
for  heat  preserves  the  internal  temperature  at  a  high 
standard,  whilst,  when  the  capillaries  are  dilated,  the 
blood  they  contain  is  drawn  from  the  deeper-seated 
and  warmer  parts  of  the  body,  and  loses  much  heat 
by  conduction,  radiation,  and  evaporation.  Fourthly, 
the  skin  is  an  efficient  organ  of  secretion,  giving  off 
water  charged  with  various  soluble  substances,  and 
oily  material.    Lastly,  it  absorbs  O  and  eliminates 
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CO2,  and  plays  therefore  a  subsidiary  part  in  the 
function  of  respiration. 

The  cutaneouis  respiration.  —  In  man  and 

the  higher  animals  the  part  played  by  the  skin  in 
respiration  is  quite  subsidiary  to  that  of  the  lungs, 
but  in  the  frog  it  is  so  important  that  life  can  be 
preserved  even  after  the  lungs  have  been  removed. 
The  quantity  of  oxygen  absorbed  by  the  skin  as  com- 
pared with  that  by  the  lungs  is  as  1  :  127.  The 
quantity  of  carbonic  acid  that  is  eliminated  by  the 
skin  is  estimated  at  about  10  grammes  in  24  hours, 
the  results  obtained  by  different  observers  varying, 
however,  from  2*23  grammes  to  32  grammes.  The 
quantity  increases  with  temperature  and  with 
muscular  exertion.  The  quantity  of  watery  vapour 
eliminated  by  insensible  perspiration  varies  also  with 
the  temperature  and  moisture  of  the  air,  the  amount 
of  clothing  and  of  exercise,  and  generally  with  all 
conditions  that  modify  the  flow  of  blood  through  the 
capillaries.  It  is  difficult  or  impossible  to  separate  and 
estimate  it  from  sweat,  but  it  is  interesting  to  notice 
that  it  bears  a  certain  inverse  relation  to  the 
elimination  of  water  from  the  system  by  the  kidneys. 
When  the  temperature  of  the  air  is  low,  and  when  it 
is  nearly  saturated  with  watery  vapour,  the  capillaries 
of  the  skin  are  contracted,  little  fluid  is  lost  by 
cutaneous  evaporation,  and  the  kidneys  secrete  freely ; 
while,  on  the  other  hand,  if  the  air  be  warm  and  dry, 
the  cutaneous  capillaries  are  charged  with  blood,  the 
kidneys  secrete  but  a  small  quantity  of  water,  and 
the  insensible  perspiration  is  greatly  augmented. 

The  cutaneous  secretions. — Regarded  as  an 
organ  of  secretion  the  skin  presents  a  surface  of 
about  15,000  square  centimetres,  or  one  and  a  half 
square  metres,  and  secretes  a  fluid  named  sweat, 
and  a  peculiar  sebaceous  or  oily  material.  Sweat 
is  a  colourless,   slightly  cloudy  fluid,  with  a  salt 
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taste  and  characteristic  odour ;  its  specific  gravity  is 
1004;  its  reaction  is  primarily  alkaline,  but  from 
its  admixture  with  sebaceous  matter  which  contains 
fatty  acids,  it,  as  ordinarily  examined,  gives  an  acid 
reaction.  Its  alkalinity  can  be  shown  in  such  regions 
as  that  of  the  palm  of  the  hand,  where  there  are  no 
sebaceous  glands.  The  quantity  secreted  per  diem  is 
about  1,000  grammes,  or  about  2  lbs.  ;  but  great 
variations  result  from  difierences  of  both  internal 
and  external  conditions.  Large  quantities  of  fluid 
ingested,  violent  muscular  exertion,  high  external 
temperature  with  dryness  of  the  air,  all  tend  to  in- 
crease the  amount  of  secretion,  and  if  acting  together 
may  cause  the  elimination  of  many  pounds  of  fluid 
per  diem.  Chemical  analysis  of  the  sweat  shows  that 
it  contains  about  1  per  cent,  of  solids^  of  which  urea, 
a  proteid  resembling  casein,  the  neutral  fats,  palmitin 
and  stearin,  cholesterin,  and  the  volatile  fatty  acids, 
are  the  most  important  organic  constituents ;  whilst 
the  inorganic  include  sodium  and  potassium  chlorides, 
sulphates  and  phosphates. 

Influence  of  the  nerves  on  the  secretion  of 
sweat. — The  nerves  seem  here,  as  in  so  many  other 
cases,  to  influence  the  secretion  in  two  ways ;  first,  by 
influencing  the  size  of  the  blood-vessels,  and  the 
activity  of  the  circulation  through  the  glands ;  and 
secondly,  by  a  direct  action  on  the  gland-cells  them- 
selves. Paralysis  of  the  constricting  vaso-motor 
nerves,  and  stimulation  of  the  inhibitory  vaso-motor 
nerves,  causes  the  blood  to  flow  with  increased  rapidity 
through  the  blood-vessels  of  the  glands,  and  the 
excretion  of  sweat  is  increased.  This  efiect  is  well 
shown  in  cases  where  the  sympathetic  nerve  in  the 
neck  has  been  divided,  the  skin  of  the  face  and  neck 
on  the  same  side  as  the  lesion  becoming  moist  with 
perspiration,  whilst  electrical  stimulation  of  the  upper 
cut  extremity  arrests  the  secretion.     That  a  direct 
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action  can  be  exerted  on  the  glands  through  the  ner- 
vous system  apart  from  any  change  in  the  circulation 
is  shown,  hrst,  by  the  fact  that  stimulation  of  the 
sciatic  nerve  will  produce  increased  secretion  of  sweat, 
even  in  an  amputated  limb;  and  secondly,  by  the 
circumstance  that  if  the  sciatic  nerve  of  one  leg  in 
a  cat  be  divided,  and  the  animal  be  placed  in  a  heated 
atmosphere,  and  even  if,  in  addition,  the  vein  of  the 
same  leg  be  tied  so  that  the  conditions  most  favourable 
to  congestion  of  the  cutaneous  capillaries  are  estab- 
lished, no  secretion  of  sweat  takes  place  from  the 
damaged  limb,  though  the  others,  with  the  rest  of 
the  body,  perspire  freely ;  but  if,  when  the  animal 
has  cooled,  a  stimulus  be  applied  to  the  peripheral 
extremity  of  the  divided  sciatic,  a  secretion  of  sweat 
immediately  appears  on  the  pads  of  the  toes  of  the 
foot  whilst  none  is  excreted  in  the  other  limbs.  If 
atropin,  which  checks  the  action  of  secretory  nerves, 
be  injected  before  placing  the  animal  in  the  warm 
chamber,  no  secretion  appears.  Hence  it  is  not  due 
to  simple  dilatation  of  blood-vessels.  Sweating  is  ob- 
served in  syncope,  and  in  the  death  agony. 

The  nerve  centres  for  the  secretion  of  sweat  lie  in 
the  anterior  part  of  the  grey  substance  of  the  spinal 
cord,  and  the  motor  fibres  partly  issue  with  the  motor 
roots  of  the  nerves  forming  the  sciatic  nerve,  and 
partly  enter  (in  the  cat)  the  sympathetic  cord.  There 
is  probably  also  a  bilateral  centre  in  the  medulla 
oblongata.  The  sweat  centres  can  be  stimulated 
directly  (1)  by  venous  blood;  (2)  by  blood  the  tempera- 
ture of  which  has  been  artificially  raised  considerably 
above  the  normal;  (3)  by  certain  poisons,  as  by 
nicotin;  and,  in  a  reflex  manner,  by  stimulation  of 
the  sensory  nerves  of  the  part.  There  must  also  be 
some  fibres  of  communication  between  the  brain  and 
sweat  centres,  since  the  influence  of  mental  condi- 
tions on  the  production  of  sweat  is  very  marked. 
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The  sebaceous  matter  secreted  by  the  skin  is 
the  product  of  the  cells  of  the  sebaceous  glands  situated 
near  the  roots  of  the  hair,  and  opening  into  the  hair 
follicles.  It  is  at  first  fluid,  but  in  process  of  excretion 
forms  a  consistent  mass  that,  as  in  the  alse  of  the  nose 
in  some  persons,  may  be  squeezed  out  in  the  form  of 
a  white  wormlike  body.  Examined  under  the  micro- 
scope, fat  granules  are  found  with  the  debris  of  cells, 
crystals  of  cholesterin,  and,  in  many  instances,  a  small 
acaroid  animal,  the  Demodex  foUiculorum.  Its 
chemical  composition  is  olein  with  some  soaps  and 
cholesterin,  the  insoluble  phosphates  of  lime  and  mag- 
nesia, and  extractives.  Its  purpose  is  to  lubricate  the 
skin,  diminish  excessive  evaporation,  and  render  the 
hairs  bright  and  glossy.  The  skin  of  the  new-born 
child  is  sometimes  covered  with  a  layer  of  this  seba- 
ceous matter,  which  is  then  named  the  vernix  caseosa. 

The  functions  of  the  skin  as  an  organ  of  sensation 
will  be  considered  under  the  head  of  special  senses. 
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CHAPTER  XL 

ANIMAL  HEAT. 

The  chemical  processes  which  are  constantly  taking 
place  in  the  living  body  consist  essentially  in  the 
decomposition  of  complex  organic  compounds  under 
the  influence  of  oxygen,  by  which  various  forms  of 
force  are  set  free,  and,  amongst  others,  heat.  Every 
living  body  generates  heat,  but  in  some  the  processes 
of  oxidation  are  so  slow  and  feeble  that  the  tempera- 
ture of  the  body  does  not  materially  differ  from  that 
of  the  surrounding  medium,  whilst  in  others  they  are 
so  active  that  a  tolerably  constant  temperature  is 
maintained.  The  former  class,  represented  by  such 
animals  as  the  fish  and  the  reptile,  are  sometimes  in- 
correctly named  *'  cold-blooded,"  but  more  properly 
poikilothermal  ;*  and  the  latter,  represented  by  the 
bird  and  mammal,  improperly  termed  warm-blooded, 
but  more  appropriately  homoiothermal.f 

Sources  of  heat  in  tlae  body.— The  generation 
of  heat  in  the  body  proceeds  chiefly  from  chemical,  but 
in  part  from  mechanical,  processes.  The  chemical 
actions  are  the  oxidation  of  the  various  substances 
ingested  as  food,  which  descend  to  lower  and  still 
lower  planes  of  chemical  composition,  till  at  length 
they  are  eliminated  from  the  body  in  the  forms, 
already  noticed,  of  water  and  carbonic  acid,  and  of 
substances  to  be  hereafter  described,  such  as  urea  and 
uric  acid,  which  are  discharged  by  the  kidneys ;  and 
it  is  important  to  remember  that  the  quantity  of  heat 
generated  by  the  combustion  of  these  bodies  is  the 

*  TTotfct'Aos,  changeable ;  BepMy  heat, 
f  o^ioios,  unchanging  ;  Oepfxrj,  heat. 
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same  whether  they  are  burnt  directly  with  the  free 
access  of  oxygen,  or  whether  they  pass  through  a 
succession  of  grades  of  more  and  more  complete 
oxidation.  One  grm.  of  hydrogen  in  combining  with 
oxygen  generates  34*462  calories,  and  one  grm.  of 
carbon  8*080  calories.  One  grm.  of  starch  gives  3*2 
calories,  one  grm.  of  albumin  4*998  calories,  and  one 
of  fat  9*069  calories.  The  high  heat-generating  power 
of  fat  is  due  to  the  fact  that  it  is  entirely  burnt  up, 
whilst  it  contains  originally  very  little  oxygen. 
Starches  and  sugars  have  less  power  of  generating 
heat,  because  the  hydrogen  they  contain  is  already 
partly  oxidised,  whence  their  appellation  of  carbo- 
hydrates. And  albumins,  though  they  contain  much 
carbon  and  hydrogen,  are  yet  less  effective  than  fats, 
because  they  already  contain  some  oxygen  in  combina- 
tion, and  because  they  are  not  wholly  consumed  in 
the  body,  but  are  eliminated  in  the  form  of  urea,  one 
grm.  of  which  is  still  capable,  when  burnt,  of  yielding 
nearly  two-thirds  of  a  calory.  Besides  the  processes  of 
oxidation,  the  combinations  of  acids  with  bases,  the 
absorption  of  water,  as  in  the  decomposition  of  fats, 
and  the  like,  act  in  a  subsidiary  manner  in  the  pro- 
duction of  heat. 

The  meclianical  actions  generating  heat  are 
chiefly  those  of  friction  :  such  as  the  friction  of  the 
blood  against  the  walls  of  the  vessels,  and  of  tendons 
in  their  sheaths  ;  but  inasmuch  as  the  friction  is  the 
result  of  muscular  contraction,  which  is  attended  with 
oxidation,  even  this  may  be  regarded  as  principally 
due  to  chemical  action. 

Modes  in  wliicli  heat  is  lost. — There  is  a 
constant  loss  of  heat  from  any  body  that  is  warmer 
than  the  atmosphere  surrounding  it,  by  three  pro- 
cesses :  conduction,  convection,  radiation ;  and,  when 
the  surface  of  the  body  is  moist,  by  a  fourth,  named 
evaporation.    In  conduction^  heat  is  lost,  but  to  a 
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small  extent  only,  by  the  direct  communication  of 
heat  from  one  particle  of  air  to  another.  In  convection, 
a  considerable  amount  is  lost  by  the  establishment  of 
currents  of  air,  the  particles  of  air  that  have  been 
warmed  by  contact  rising,  and  being  replaced  by 
colder  layers.  In  radiation^  heat  is  freely  lost  by  the 
production  of  undulations  or  a  conversion  into  wave 
motion  which  spreads  in  all  directions  from  the  heated 
body.  Lastly,  a  very  large  quantity  of  heat  is  lost 
when  evaporation  occurs,  owing  to  the  conversion  of 
specific  into  latent  heat.  Animal  heat  is  generated  to 
compensate  for  the  loss  of  heat  thus  effected. 

Calorimetry. — By  calorimetry  is  understood  the 
measurement  of  the  total  amount  of  heat  produced  in 
a  given  time  by  the  body,  and  this  can  be  ascertained 
by  placing  the  animal  in  a  cage  surrounded  by  ice  or 
water  for  a  definite  period,  and  collecting  the  water 
which  proceeds  from  the  melting  ice  or  ascertaining 
the  elevation  of  temperature  which  the  water  has 
undergone.  In  either  case  the  amount  of  heat  given 
off  can  be  exactly  determined  by  calculation.  Instead 
of  determining  the  amount  of  heat  generated  in  this 
direct  fashion,  it  may  also  be  estimated  by  indirect 
methods,  one  of  which  is  to  calculate  the  quantity  of 
carbon  and  hydrogen  contained  in  a  carefully  analysed 
diet,  and  to  compare  it  with  that  eliminated  by  the 
urine  and  faeces ;  the  difference  gives  the  quantity  of 
these  elements  oxidised  in  the  system  or  the  extent 
to  which  they  have  been  oxidised.  A  second  method 
is  to  ascertain  the  quantity  of  oxygen  taken  into  the 
economy,  and  the  amount  of  OOg  eliminated  by  the 
skin  and  lungs.  The  excess  of  oxygen  not  employed 
in  oxidising  carbon  is  supposed  to  be  applied  to  the 
oxidation  of  hydrogen,  sulphur,  and  phosphorus. 
In  order  that  a  standard  may  be  obtained  to  which 
variations  in  the  quantity  of  heat  produced  may  be 
referred,  it  is  found  convenient  to  take  as  a  unit  of 
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heat  the  quantity  of  heat  required  to  raise  one  kilo- 
gramme of  water  at  0^  C.  one  degree.  This  is  called 
a  calory^  and  the  theory  of  the  correlation  of  forces, 
supported  by  the  experiments  of  Joule  and  others,  has 
shown  that  there  is  a  direct  relation  between  heat  and 
mechanical  work.  The  unit  of  work  which  has  been 
taken  is  named  a  kilogrammetre^  and  is  that  amount 
of  force  which  is  required  to  raise  one  kilogramme  one 
metre  high.  It  has  been  found  by  experiment  that 
the  expenditure  of  one  calory  is  capable  of  raising  430 
kilogrammes  one  metre  high.  That  is  to  say,  the 
mechanical  equivalent  of  one  calory  is  430  kilo- 
gram metres  ;  and,  vice  versa,  the  friction  of  a  blow 
caused  by  the  vertical  descent  of  430  kilogrammes 
through  one  metre  will  produce  or  is  equal  to  one 
calory.  The  mechanical  work  of  the  muscles  estimated 
in  kilogrammetres  may  be  reckoned  also  in  calories, 
since  it  is  sufficient  to  convert  calories  into  kilo- 
grammetres to  multiply  them  by  the  number  430, 
whilst  to  convert  kilogrammetres  into  calories  they 
must  be  divided  by  430. 

Mode  of  deteriiimii]§:  the  temperature.— 
The  instrument  employed  for  this  purpose  is  the 
thermometer,  and  as  very  minute  differences  have  to 
be  measured,  it  is  expedient  that  the  bulb  should  be 
large  and  the  bore  of  the  stem  very  fine.  For  con- 
venience' sake  a  small  indicator  is  inserted  into  the 
bore  in  the  form  of  a  bubble  of  air  separating  a  small 
segment  of  mercury  from  the  main  body,  which  shows 
the  highest  point  reached,  and  obviates  the  erroneous 
reading  that  would  otherwise  occur  from  the  fall  of 
the  mercury  during  the  interval  between  its  contact 
with  the  body  and  the  examination  of  its  height  on 
the  scale  by  the  observer  in  a  good  light. .  In  England 
Fahrenheit's  thermometer  is  in  common  use,  in  which 
zero  is  the  point  at  which  the  mercury  stands  when 
ice  and  salt  are  mixed  ;  and  the  space  between  which 


Chap.  XL]  Estimating  the  Temperature, 


237 


and  that  where  the  mercury  stands  when  placed  in 
boiling  water  is  divided  into  212  parts,  the  freezing 
point  in  water  being  at  32.  On  the  Continent  the 
thermometer  of  Celsius,  or  the  centigrade  thermo- 
meter, is  used,  in  which  the  freezing  point  of  water, 
or,  rather,  the  melting  point  of  ice,  is  taken  as  zero, 
and  the  boiling  point  of  water  as  the  upper  limit,  the 
space  between  these  two  being  divided  into  100.  One 
degree  centigrade  is  equal  to  nine-fifths  of  a  degree  of 
Fahrenheit's  thermometer.  To  convert  centigrade 
degrees,  or  the  degrees  of  Celsius'  thermometer,  into 
those  of  Fahrenheit,  multiply  by  9,  divide  by  5,  and 
add  32^.  To  convert  those  of  Fahrenheit's  scale  into 
centigrade  degrees,  subtract  32,  divide  by  9,  and 
multiply  by  5.  Thus,  to  convert  40^  C.  into  Fahr. 
40x9  =  360;  360^-5  =  72;  72  +  32  =  104^  There- 
fore, 40°  C.  =  104°  Fahr.  In  order  to  determine  the 
temperature  of  the  body,  or  of  any  part  of  it,  time 
must  be  given  for  the  full  expansion  of  the  mercury, 
and  this  commonly  requires  two  or  three  minutes. 
In  man  the  temperature  of  the  body  is  usually 
ascertained  by  placing  the  clean  bulb  of  the  instru- 
ment into  the  mouth  or  in  the  axilla,  and  covering  the 
stem  with  the  bedclothes.  In.  animals  it  is  often 
taken  by  inserting  the  bulb  into  the  rectum  or  vagina. 

The  temperature  of  different  internal  organs  of  the 
body  has  been  determined,  in  some  instances,  by  en- 
closing small  thermometers,  constructed  to  register 
maximum  temperature,  in  a  little  metallic  capsule, 
which  the  animal  experimented  on  is  made  to 
swallow.  They  are  re-obtained  after  having  passed 
through  the  whole  length  of  the  intestinal  canal.  In 
other  instances,  still  more  minute  thermometers  have 
been  introduced  into  the  vessels,  and  allowed  to  be 
carried  for  some  distance. 

Temperature  of  man. — It  is  remarkable  that, 
notwithstanding  the  roughness  of  the  instruments  at 
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his  disposal,  the  estimate  made  by  John  Hunter  (99^ 
Fahr.,  or  37*2°  C.)  coincides  with  the  most  careful 
recent  researches.  Perhaps  100°  Fahr.  might  be 
accepted  for  the  general  temperature  of  the  interior  of 
the  body. 

Circumstances  modifying:  ttie  tempera- 
ture of  the  toody. — Influence  of  age.  The  tempe- 
rature of  the  child  before  birth  is  a  little  higher  than 
that  of  the  vagina  of  the  mother,  owing  to  independent 
production  of  heat  and  protection  from  loss.  Shortly 
after  birth  the  child  cools  rapidly.  During  childhood, 
and  up  to  puberty,  the  temperature  gradually  falls 
about  two-tenths  of  a  degree  centigrade.  From 
puberty  to  the  age  of  fifty  it  falls  about  two-tenths 
more.  Charcot  remarks  that  the  temperature  of  the 
axilla  in  old  people  may  be  as  much  as  3°  C.  below 
that  of  the  rectum.  The  temperature  in  old  people 
is,  however,  nearly  as  high  as  in  the  new-born  child, 
probably  owing  to  anaemia  of  the  skin,  and  consequent 
smaller  loss  by  radiation ;  but,  like  infants,  they  have 
little  power  of  resisting  the  depressing  influence  of 
cold.  Sex  has  very  little  influence  on  the  temperature  ; 
if  any,  it  is  in  favour  of  women. 

Influence  of  the  period  of  the  day. — The  results  of 
many  experiments  show  that  the  temperature  of  the 
body  rises  quickly  from  6  a.m.  to  about  1  p.m.,  when 
there  is  a  slight  fall,  it  reaches  its  maximum  about 
6  p.m.,  when  it  begins  to  fall,  reaching  its  minimum 
between  4  and  6  a.m.  The  difference  between  the 
maximum  and  the  minimum  is  about  1°  C.  It  is 
important  in  many  febrile  aff'ections  to  remember  the 
fact  that  there  is  a  normal  diurnal  rise  and  fall  of 
the  temperature  of  the  body  (Fig.  24). 

Influence  of  food. — As  the  oxidation  of  the  ma- 
terials which  compose  the  food  constitutes  the  source 
of  heat,  it  is  natural  that  the  temperature  should  be  mo- 
dified both  by  their  quantity  and  quality,  and  by  the 
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temperature  at  which  they  are  introduced  into  the 
body,  but  the  effects  are  slighter  than  might  be  ex- 
pected. The  temperatvire  rises  after  food,  but  only 
a  few  tenths  of  a  degree  centigrade,  and  it  is  said 
even  to  decline  if  alcohol  be  taken.  Hot  fluids  raise 
the  temperature  one  or  two  tenths  of  a  degree,  whilst 
after  the  ingestion  of  ice,  or  of  a  glass  or  two  of  iced 
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Fig.  24.— Temperature  Curve  for  Twenty-four  hours. 


The  numerals  to  the  left  indicate  degx-ees  Centigrade.  The  numerals  at  the  top 
of  the  figure  indicate  hours  commencing  at  6  a.m. 

water,  the  temperature  may  fall  one  or  two  degrees. 
The  fall  of  temperature  after  the  use  of  alcohol  may  be 
partly  explained  by  its  effect  in  dilating  the  capillaries 
of  the  skin,  thus  allowing  freer  transpiration  of  watery 
vapour  and  radiation  of  heat,  and  this  supplies  a 
strong  argument  against  the  consumption  of  alcohol 
by  those  who  are  likely  to  be  exposed  to  a  very  low 
atmospheric  temperature.  In  inanition  the  oxidising 
processes  continue  in  the  body,  which  is,  so  to  speak, 
living  upon  or  burning  itself,  and  the  temperature 
remains  unchanged  until  shortly  before  death,  when 
it  suddenly  falls. 
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Influence  oj  muscular  exertion. — Muscles  in  con- 
tracting liberate  heat,  which  is  carried  off  by  the 
blood  circulating  through  them,  and  warms  the  body 
generally.  The  effect,  however,  soon  passes  away, 
owing  to  the  existence  of  compensatory  arrangements, 
such  as  more  rapid  respiration  and  more  rapid  circu- 
lation through  the  skin,  which  are  probably  due  in 
part  to  the  excess  of  CO^  in  the  blood  acting  as  a 
stimulus  to  the  respiratory  and  vaso-inhibitory  systems. 
A  quick  march  of  the  duration  of  an  hour  and  a  half 
has  been  found  to  raise  the  temperature  1*2°  0.,  whilst 
in  tetanus,  in  which  many  muscles  are  thrown  into  a 
state  of  spasmodic  contraction,  the  temperature  has 
been  seen  to  rise  to  44*75°  C.  The  same  effects  have 
been  observed  in  dogs  tetanised  by  the  application  of 
an  electric  current  to  the  spinal  cord  ;  but  it  is  to  be 
noted  that  there  is  not  only  increased  liberation  of  heat 
in  such  cases  owing  to  muscular  contraction,  but  that 
the  vaso-motor  nerves  may  be  stimulated,  causing 
contraction  of  the  cutaneous  capillaries,  and  therefore 
diminished  loss.  Marcet  found  that  when  at  rest 
during  the  ascent  of  Mont  Blanc  the  temperature  of 
the  body  did  not  vary  much  at  different  heights.  Re- 
peated vigorous  contraction  of  a  single  muscle,  like 
the  biceps,  causes  its  temperature  to  rise  half  a  degree 
C,  and  the  temperature  of  the  body  rises  nearly  half 
a  degree  C.  during  labour  pains. 

Influence  of  mental  exertion. — A  slight  rise  of 
temperature,  varying  from  0*5°  to  P  0.,  occurs  in  the 
whole  system  as  the  result  of  intense  mental  effort. 

Influence  of  surrounding  temperatures. — Exposure 
to  cold  within  moderate  limits  augments  the  heat- 
producing  powers  of  the  body  :  but  sudden  exposure 
to  severe  cold  without  sufficient  time  for  the  animal  to 
have  become  acclimatised  to  it,  diminishes  them.  A 
rabbit  plunged  into  water  which  is  gradually  rendered 
ice  cold,  can  be  cooled  down  to  20°  C.  (68°  F.),  when 
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death  occurs  apparently  from  imperfect  absorption  of 
oxygen,  owing  to  depression  of  the  respiratory  move- 
ments. 

Dr.  Davy,  who  made  many  experiments  in  different 
climates  on  the  temperature  of  man,  found  that  climate 
had  very  little  influence  on  the  temperature  of  the 
adult  white  man.  It  scarcely  differs  more  than  1°  in 
the  native  of  India  and  in  the  Icelander,  though  the 
absolute  amount  of  heat  generated  in  the  two  must 
differ  to  a  very  great  extent.  The  larger  quantity  of 
heat  which  the  man  develops  who  lives  in  a  tempera- 
ture where  the  thermometer  falls  many  degrees  below 
zero,  as  compared  with  that  generated  by  those  who 
dwell  in  torrid  zones,  where  the  temperature  does  not, 
for  a  considerable  part  of  the  day,  differ  much  from 
that  of  their  own  bodies,  is  derived,  as  we  have  seen, 
from  the  nature  of  the  food,  which  is  not  greatly 
increased  in  absolute  quantity,  but  consists  of  com- 
pounds, like  the  fats,  which  in  burning  give  off  much 
heat.  The  degree  of  moisture  in  the  air  is  of  great 
importance,  the  influence  of  moist  hot  air  being  much 
more  marked  than  of  dry  hot  air,  in  consequence  of  the 
interference  in  the  former  case  with  the  regulating 
action  of  evaporation  from  the  skin.  Many  workmen 
are  exposed  without  inconvenience  to  temperatures 
in  dry  air,  which  would  be  quite  unbearable  were  it 
even  partially  charged  with  moisture,  the  ill  effects  of 
such  exposure  being  prevented  and  the  temperature  of 
the  body  maintained  at  the  normal  standard  by  drink- 
ing freely  of  some  watery  fluid  and  by  copious  perspi- 
ration. Experience  has  shown,  however,  that  pure 
water,  when  taken  in  large  quantities,  is  apt  to  pro- 
duce intestinal  disturbance,  and  in  such  factories  as 
those  of  glass  and  iron  it  has  been  found  expedient  to 
add  a  little  oatmeal  to  it.  Exposure  to  very  high 
degrees  of  heat,  especially  if  accompanied  with  exer- 
cisCj  is  apt  to  cause  death,  either  by  apoplexy,  as  in  the 
q — 5 
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"  sun-stroke  "  that  occurs  in  summer  even  in  temperate 
climates,  or  by  heat  tetanus,"  in  which  the  heart 
and  respiratory  muscles  suddenly  become  rigid.  A  frog 
stiffens  and  dies  if  plunged  into  water  at  a  temperature 
at,  or  a  very  little  above,  that  of  the  blood  of  a  mammal, 
the  condition  into  which  it  is  thrown  being  named 
*'  Heat  rigor  J'  The  greatest  cold  which  has  been  noted 
was  by  Capt.  Back,  who  observed  a  temperature  of 
-  70°  F.,  but,  with  sufficient  food,  little  inconvenience 
is  felt  even  by  so  low  a  temperature  as  this,  providing 
the  air  is  still.  When  the  air  is  in  motion,  however, 
it  is  impossible  to  face  it,  and  those  parts  of  the  body 
which  are  exposed,  or  which  are  remote  from  the  heart, 
as  the  nose,  ears,  fingers,  and  toes,  are  certain  to  be 
frost-bitten  or  killed.  The  practice  of  rubbing  such 
parts  with  snow  to  restore  animation  in  them  is  right, 
as  it  prevents  the  vessels  from  yielding  too  suddenly 
to  the  influx  of  blood  and  becoming  over  distended. 
Exposure  to  cold  in  unfavourable  circumstances,  as 
under  the  influence  of  alcohol,  may  cause  great  reduc- 
tion of  the  temperature  of  the  body.  Thus,  in  one 
case  recorded,  a  drunken  woman,  after  falling  into  a 
ditch  covered  with  ice,  remained  in  it  all  night.  On 
admission  into  the  hospital  the  temperature  was 
found  to  be  reduced  to  26°  C.  In  the  course  of  six 
hours  it  had  risen  to  36*3°  C,  and  she  eventually 
recovered. 

Cold  may  be  applied  externally  and  to  a  limited 
region  of  the  body  for  a  considerable  period,  if  the 
animal  be  otherwise  well  nourished^  without  mate- 
rially reducing  the  temperature  of  the  deeper-lying 
parts.  Thus  it  has  been  found  that  immersion  of  the 
arm  in  man  for  an  hour  in  iced  water  only  lowered 
the  temperature  of  the  interior  of  the  biceps,  as  deter- 
mined by  the  thermo-electric  needle,  0*2°  C. 

The  locality  of  the  g-eneration  of  lieat«— 
Lavoisier  mantained  that  as   the   lungs  were  the 
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organs  by  which  oxygen  was  absorbed,  oxidising  pro- 
cesses also  took  place  in  them,  and  that  they  might 
therefore  be  regarded  as  the  foci  or  centres  of  heat  in 
the  economy  ;  but  were  this  the  case,  the  lungs  should 
be  the  hottest  parts  of  the  body,  which  experiment 
shows  they  are  not.  The  chief  centres  of  heat  pro- 
duction are  really  the  muscles,  which  constitute  so 
large  a  proportion  of  the  total  weight  of  the  body,  and 
in  which,  even  when  at  rest,  but  especially  when 
contracting,  active  processes  of  oxidation  occur.  A 
considerable  quantity  of  heat  is  also  disengaged  in  all 
glandular  organs  when  discharging  their  functions^ 
and  the  liver,  the  largest  gland  in  the  body,  has  been 
shown  to  develop  so  much  heat  that  the  blood 
returning  from  it  (that,  namely,  which  is  contained  in 
the  hepatic  veins)  possesses  a  higher  temperature  than 
that  of  any  other  part  of  the  body.  After  the  muscles 
and  glands,  the  brain  and  nervous  system  are  the 
principal  organs  which  participate  in  the  production 
of  heat. 

Total  quantity  of  heat  generated  in  the 
body. — The  diet  of  a  healthy  man  performing  or- 
dinary work  varies  considerably,  both  in  quantity  and 
in  its  composition,  in  different  races  and  in  different 
countries,  in  accordance  with  the  amount  of  nervo- 
muscular  work  done  and  with  the  external  tempera- 
ture ;  but  many  experiments  have  shown  that  to  keep 
large  bodies  of  men,  as  soldiers  or  sailors^  in  health  in 
temperate  climates  rations  must  be  supplied  which, 
when  stated  in  the  simplest  form,  consist  of  100 
grammes  of  fat,  100  grammes  of  albumen,  and  240 
grammes  of  carbohydrates.  It  has  been  found  by 
experiment  that  the  complete  combustion  of  1  gramme 
of  fat  yields  about  9  calories,  the  complete  combus- 
tion of  1  gramme  of  starch  rather  less  than  4  calories 
and  the  complete  combustion  of  1  gramme  of  albumen 
dried  at  100°  C.  about  5  calories.    The  calculation. 
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supposing  the  combustion  to  be  complete,  is  extremely 
easy : 

100  grammes  of  fat  x  9  zn  900  calories. 

240  grammes  of  starch     x  4  =  960 

100  grammes  of  albumen  x  6  =  500  „ 

2,360  „ 

The  fat  and  the  carbohydrate  may  be  considered  to 
be  completely  oxidised  in  the  system  and  eliminated 
as  carbon  dioxide  and  water.  But  the  albumen  is  not 
completely  oxidised  ;  it  is  in  part  discharged  from  the 
body  in  the  imperfectly  oxidised  state  of  urea;  and  one 
gramme  of  urea  can,  if  completely  burnt,  yield  0*735 
of  a  calory;  and  as  about  40  grammes  of  urea  are  elim- 
inated per  diem,  we  must  deduct  about  30  calories 
from  the  above  estimate,  which  would  reduce  it  to 
about  2,330.  In  round  numbers,  a  man  generates 
per  diem  2,330  calories,  which  is  equivalent  to  rather 
more  than  one  million  kilogrammetres,  i.e.  would 
be  capable,  if  converted  into  mechanical  work,  of 
raising  one  million  kilogrammes  one  metre  high. 
The  force  generated  by  the  oxidation  of  the  food  is 
not  altogether,  though  it  is  in  part,  expended  in 
the  performance  of  external  mechanical  work.  Part 
is  expended  in  warming  the  air  and  food  introduced 
into  the  body,  part  is  lost  by  radiation  and  con- 
duction, and  part  is  used  up  in  the  performance  of 
internal  work,  as  in  the  movement  of  the  blood.  The 
body  may,  therefore,  be  regarded  in  the  light  of  an 
engine,  in  which  the  force  liberated  by  combustion 
becomes  apparent  partly  in  the  form  of  heat  and 
partly  in  the  form  of  work  done. 

Reg^ulation  of  flie  temperature  of  the 
body. — As  the  temperature  of  the  body  remains 
tolerably  constant,  while  both  the  processes  of  oxida- 
tion and  the  external  conditions  which  lead  to  loss  of 
heat  undergo  considerable  variation,  it  is  evident  that 
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some  regulatory  influences  must  be  in  operation.  The 
variations  in  the  production  of  heat  depend  essentially 
on  the  amount  of  muscular  exertion  that  is  made, 
whilst  the  variations  in  the  loss  of  heat  depend  partly 
on  the  state  of  the  body  and  partly  on  the  temperature 
of  the  surrounding  medium ;  and  the  nervous  system 
constitutes  the  controlling  agent  by  which  a  compensat- 
ing influence  is  exerted  upon  the  conditions  leading  to 
the  generation  and  the  loss  of  heat.  The  chief  causes 
of  loss  of  heat  are  :  (1)  The  heat  required  to  warm  the 
air  inspired.  The  average  daily  amount  of  air  inspired, 
thirteen  kilogrammes  (which  enters  the  body  at  a  mean 
temperature  of  12°  C,  and  leaves  it  after  being  warmed 
up  to  37°  C.  ;  that  is,  after  it  has  been  heated  25 
degrees),  is  estimated  to  require  84  calories.  (2)  The 
heat  lost  in  heating  the  food  and  drink,  amounting  to 
1,900  grms.,  which  is  estimated  at  47  calories.  (3)  The 
heat  lost  in  cutaneous  transpiration,  which  amounts  to 
660  grms.,  and  requires  364  calories.  (4)  The  heat 
lost  by  pulmonary  evaporation,  amounting  to  330 
grms.,  which  requires  182  calories.  These  collectively 
account  for  677  calories  lost.  The  remaining  1,653 
calories,  required  to  account  for  the  2,330,  are  lost  by 
radiation  from  the  skin. 

Expressing  the  modes  by  which  heat  is  lost  in  the 
percentage  form,  Helmholtz  considers  that 

2-6  per  cent,  of  the  total  heat  is  expended  in  heating  the  food. 
2*6  per  cent,  of  the  total  heat  is  expended  in  heating  the  air 
inspired,  supposingits  temp,  to  be  raised  from  20°  C.  to  30°  C. 
14*7  per  cent,  of  the  total  heat  in  evaporating  the  water  eli- 
minated by  the  lungs. 
80*1  per  cent,  of  the  total  by  radiation,  by  conduction,  and  by 
evaporation  of  water  from  the  skin. 

The  compensatory  arrangements,  by  which  the 
temperature  is  maintained  at  a  uniform  standard,  are : 
(1)  In  cases  of  increased  generation  of  heat,  by  pro- 
moting its  loss  ;  (2)  in  cases  of  diminished  generation 
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of  heat,  by  preventing  its  loss.  For  example  :  If  the 
external  temperature  to  which  the  body  is  exposed  be 
high,  the  arterioles  of  the  skin  relax,  a  freer  current  of 
blood  passes  through  the  capillaries,  and  radiation 
from  the  surface  is  increased,  whilst  at  the  same  time 
evaporation  of  fluid,  both  by  sensible  and  insensible 
perspiration,  takes  place,  which  powerfully  contri- 
butes to  lower  the  temperature.  At  high  tempera- 
tures, moreover,  the  appetite  for  food  is  diminished, 
and  there  is  consequently  diminished  production  as 
well  as  increased  loss  of  heat,  so  that  on  the  whole 
the  temperature  of  the  body  remains  stationary. 

Moreover,  the  respiratory  acts  are  increased  in 
frequency  when  the  body  is  exposed  to  a  high 
temperature.  This  condition,  sometimes  called  heat 
dyspnoea,  is  probably  occasioned  by  the  direct  action 
of  heat  on  the  nervous  centres,  and  is  clearly  of  a 
compensatory  nature,  the  fresh  supplies  of  air  permit- 
ting the  evaporation  of  more  water  from  the  blood, 
and  thus  tending  to  lower  the  temperature  of  the  body. 

If,  on  the  other  hand,  the  temperature  of  the 
surrounding  medium  be  lowered,  the  arterioles  and 
capillaries  of  the  skin  contract,  and  loss  of  heat  by 
radiation  is  greatly  reduced;  food  is  taken  in  larger 
quantities,  and  fat  and  oily  substances  are  preferred, 
which  yield  more  heat  on  oxidation,  and  the  tempera- 
ture is  again  maintained  at  an  equable  standard. 

There  is  some  reason  for  believing  that  the  regu- 
lation of  heat  is  in  part  effected  by  the  amount  of 
carbonic  acid  in  the  blood.  This  gas  acts  as  an 
exciter  of  the  inhibitory  nervous  system  supplying 
the  cutaneous  vessels.  Hence  when,  as  in  muscular 
exercise  which  is  accompanied  by  increased  internal 
oxidation,  a  rise  of  temperature  takes  place,  the 
carbonic  acid  gas  extricated,  acting  on  the  vaso-inhi- 
bitory  nerves,  causes  their  dilatation,  which  again  leads 
to  rapid  cooling  by  radiation  and  by  evaporation.  The 
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latter  effect  is  materially  aided  by  the  effect  of  the 
rise  of  temperature  on  the  sweat  centre,  which  is 
thereby  excited  to  action;  and  this  is  followed  by 
increased  secretion  of  sweat  by  the  sweat  glands. 

Value  of  clothing. — Animals  that  possess  a 
high  temperature  preserve  it  when  exposed  to  cold 
owing  to  a  covering  of  hair  or  feathers,  and  even  in  man 
the  unprotected  skin  is  a  very  bad  conductor  of  heat ; 
but,  with  the  exception  of  parts  of  the  tropical  regions, 
some  sort  of  covering  is  worn  in  all  regions  of  the 
earth.  Indeed,  a  naked  man  is  said  to  be  unable  to 
maintain  his  normal  temperature  when  the  thermo- 
meter stands  lower  than  27°  C.  (81°  F.).  Small  animals, 
like  the  rabbit  or  guinea-pig,  die  when  shaved  and 
varnished,  or  when  simply  shaved,  from  the  great  loss 
of  heat  by  radiation,  which  they  are  unable  to  com- 
pensate even  by  the  increased  production  which  then 
takes  place  (Stewart).  In  the  warmer  parts  of  the 
temperate  zones,  cottons;  in  the  cooler,  single  garments 
of  silks  and  woollens ;  and  in  the  cold  regions,  several 
coverings  of  the  same  materials,  with,  when  the  tem- 
perature is  very  low,  the  furs  and  skins  of  animals 
as  an  outer  investment,  are  employed.  The  bad 
conducting  power  of  the  atmosphere  renders  a  series 
of  the  same  or  various  layers  of  clothing,  including 
layers  of  air  between  them,  more  efficacious  than  one 
thick  one.  Mackintoshes  and  garments  made  of 
indiarubber  are  to  be  avoided,  except  for  temporary 
protection  against  wet,  since,  being  impermeable,  they 
confine  the  perspiration,  which  speedily  saturates  the 
clothes  with  moisture. 

Influence  of  the  nervous  system  on  the 
generation  of  heat. — The  influence  of  the  nervous 
system  on  the  production  of  heat  is  rendered  evident 
by  the  division  of  the  sympathetic  nerve  in  the  neck. 
The  effect  of  this  is  to  relax  the  arterioles  of  the  side 
of  the  head  corresponding  to  the  lesion,  those  of  the 
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ear,  for  example,  becoming  more  conspicuous,  and  the 
temperature  of  that  organ  considerably  increased,  the 
difference  between  the  two  ears  augmenting  in  pro- 
portion as  the  external  temperature  is  low.  Various 
circumstances  tend  to  show  that  there  is  a  generation 
of  heat  in  those  tissues,  which  thus  receive  a  fuller 
and  more  abundant  current  of  blood,  and  especially 
the  fact  that,  if  the  head  of  the  animal  be  enveloped 
in  wool,  the  venous  blood  returning  from  the  ear  after 
section  of  the  sympathetic  may  be  actually  warmer 
than  the  arterial  blood  passing  to  it,  indicating  that  a 
local  generation  of  heat  takes  place.  The  function  of 
the  sympathetic  would  therefore  appear  to  be,  when 
in  the  normal  and  uninjured  state,  to  bridle  the 
chemical  changes,  and  consequently  the  development 
of  heat  in  the  tissues  ;  it  is  not  only,  therefore,  a 
vaso-constrictor  nerve,  but  also  a  "  frigorific  nerve." 

Stimulation  of  a  sensory  nerve  (such,  for  example, 
as  the  aiiricularis  magnus)  causes  diminution  of  tem- 
perature in  the  ear  when  the  sympathetic  is  uninjured, 
but  raises  the  temperature  of  the  ear  when  the  sym- 
pathetic is  divided.  In  the  first  case  a  slight  rise 
precedes  the  fall,  which  depends  on  reflex  paralysis  of 
the  vaso-dilator  nerves,  and  is  not  observed  if  the 
vaso-dilator  nerves  are  stimulated  by  curare,  because 
the  action  can  then  be  exerted  upon  the  vaso-con- 
strictor nerves.  The  existence  of  certain  heat  centres 
in  the  brain  of  the  lower  animals  appears  to  have  been 
established,  the  chief  being  the  cruciate,  near  the 
fissure  of  Rolando ;  the  Sylvian,  at  the  junction  of  the 
supra-  and  post-sylvian  fissures  ;  the  caudate  nucleus  ; 
the  tissues  about  the  corpus  striatum  and  a  point 
between  the  corpus  striatum  and  optic  thalamus  near 
the  median  line ;  and  the  anterior  inner  end  of  the 
optic  thalamus  itself.  Lesion  of  any  of  these  regions 
is  followed  by  considerable  rise  of  temperature. 

Division  of  the  spinal   cord  is  followed  by  a 
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gradual  fall  of  temperature  till  death  occurs,  the  fall 
being  more  rapid  in  proportion  as  the  cord  has  been 
divided  at  a  higher  point.  If  the  section  is  made 
higher  than  the  sixth  cervical  nerve,  the  respiratory 
nerves  are  divided,  and  to  preserve  life  artificial 
respiration  must  be  maintained.  The  existence  of 
a  heat-regulating  centre  in  the  spinal  cord  is  still 
debated. 

Increased  heat,  either  of  a  particular  region  or  of 
the  whole  body,  is  a  characteristic  feature  of  inflamma- 
tion, as  may  be  seen  in  a  boil  on  the  one  hand  and 
in  fever  on  the  other..  In  the  latter  case  the  higher 
temperature  is  due  to  more  rapid  oxidation  of  the 
tissues  taking  place ;  and  the  force  which  should  be 
used  up  in  nutrition,  growth,  and  in  muscular  action 
is  misdirected,  and  expended  in  the  production  of 
heat.  In  this  way  the  languor  and  debility  that  are 
associated  with  general  fever  may  be  in  great  measure 
accounted  for.  In  the  case  of  local  inflammation  the 
augmentation  of  heat  in  the  part  is  mainly  due  to  the 
dilatation  of  the  blood-vessels  and  to  the  passage  of 
warmer  blood  through  them,  and  analogy  renders  it 
probable  that  it  is  in  part  due  to  increased  oxidation, 
but  the  temperature  does  not  rise  above  that  of  the 
interior  of  the  body. 
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CHAPTER  XII. 

THE  URINE. 

Characters  of  tlie  urrne,— The  urine  is  a  fluid 
secreted  continuously  by  the  kidney,  and  is  the  chief 
means  by  which  the  nitrogenised  waste  products  are 
discharged  from  the  body.  It  is  a  clear  amber- 
coloured  fluid,  with  slight  fluorescence,  depositing  a 
light  cloud  of  mucus  on  standing.  Its  reaction  is 
acid.  Its  mean  specific  gravity  is  1020.  Its  odour  is 
aromatic.  It  should  contain  no  morphological  elements 
except  a  few  epithelial  cells. 

Quantity  of  the  urine.— The  average  quantity 
of  urine  discharged  by  a  healthy  man  per  diem  is 
about  fifty  ounces,  or  two  pints  and  a  half ;  but  it 
varies  greatly  with  the  amount  of  fluid  ingested,  and 
with  the  evaporation  of  fluid  by  the  skin  and  lungs.  It 
increases  with  increase  of  blood  pressure.  The  secretion 
is  most  active  in  the  morning,  less  in  the  evening,  and 
least  at  night  during  sleep.  The  first  day  after  birth 
it  is  scarcely  more  than  an  ounce,  but  at  the  end  of 
the  first  month  it  rises  to  half  a  pint  or  more,  and 
from  three  to  five  years  of  age  it  is  about  a  pint  and 
a  half ;  it  is  less  in  women  than  in  men.  It  is 
increased  by  certain  drugs  which  are  termed  diuretics, 
some  of  which  act  by  stimulating  the  secreting  cells, 
others  by  modifying  either  locally  or  generally  the 
blood  pressure. 

^Specific  gravity  of  the  urine.— Though  the 
average  specific  gravity  is  1020,  it  exhibits  great 
variations,  the  extremes  being  1002,  which  occurs 
after  drinking  much  water,  and  1040  after  abstinence 
from  fluid,  and  copious  perspiration.    The  specific 
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gravity  is  essentially  dependent  on  the  quantity  of 
solids  relatively  to  that  of  the  water.  It  is  estimated 
by  an  instrument  termed  a  hydrometer  or  urino- 
meter,  which  consists  of  a  float  weighted  with  mercury, 
and  with  a  long  graduated  neck.  The  graduation 
begins  above ^  at  1000,  because  the  heavier  the  urine  the 
less  deeply  will  the  instrument  sink,  and  the  farther 
the  neck  will  protrude  from  the  surface.  If  very 
little  urine  is  accessible,  the  specific  gravity  may  be 
ascertained  by  adding  two,  or  three,  or  four  times  its 
volume  of  water,  then  taking  the  specific  gravity 
with  the  urinometer,  and  multiplying  the  number 
obtained  by  two,  three,  or  four,  according  to  the 
number  of  volumes  of  distilled  water  that  has  been 
added.  Attempts  have  been  made  to  discover  an  easy 
method  of  estimating  the  quantity  of  solids  in  a  given 
quantity  of  urine,  and  an  approximation  may  be 
obtained  by  multiplying  the  two  last  numbers  of  the 
specific  gravity  by  2*2  or  by  2*3.  Thus,  if  urine  be  of 
specific  gravity  1015  ;  15  multiplied  by  2*2  gives  33. 
The  number  33  represents  the  number  of  solid  parts 
in  1000  of  such  urine. 

Colour  of  the  urine.— As  a  rule  it  may  be 
said  that  the  larger  the  quantity  of  urine,  the  paler  it 
is  ;  whilst  the  smaller  the  quantity,  and  the  more 
concentrated  it  is,  the  higher  the  colour.  The  urine 
passed  on  rising  in  the  morning  is  usually  the  most 
deeply  coloured  of  the  day.  It  is  called  urina 
sanguinis.  That  passed  after  copious  draughts  is 
pale,  urina  potlXs.  The  urina  cibi,  or  urine  passed 
soon  after  a  meal,  is  intermediate  in  colour,  and  often 
cloudy.  Some  drugs,  as  senna^  rhubarb,  and  especially 
the  prickly  pear,  confer  a  deep  colour  on  the  urine. 
The  colour  of  normal  urine  is  due  to  urobilin,  or  to 
some  modification  of  this  substance,  which  is  again 
derived  from  haemoglobin,  and  is  probably  a  product 
of  the  disintegration  of  the  blood  corpuscles. 
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The  reaction  of  the  urine.— The  acid  reaction 
of  urine  is  due  to  the  presence  of  acid  phosphate  of 
sodium,  and  not  to  uric  or  other  free  acid.  The  acid 
sodium  phosphate  occurs  in  the  urine  in  consequence 
of  uric  acid,  hippuric  acid,  and  COg  each  seizing  a 
portion  of  the  sodium  of  the  basic  phosphate.  The 
acid  reaction  is  increased  by  fasting,  muscular  exercise, 
and  the  ingestion  of  acids  ;  whilst  it  is  diminished,  and 
may  become  neutral  or  even  alkaline,  after  food,  ap- 
parently as  the  result  of  the  separation  of  acid  from 
the  blood  in  the  gastric  juice  leaving  an  excess  of 
alkali.  The  ingestion  of  dilute  solution  of  the  alkalies 
and  their  carbonates,  and  of  the  salts  of  the  vegetable 
acids  such  as  the  tartrates,  malates,  and  citrates,  which 
become  converted  into  carbonates  in  passing  through 
the  body,  renders  the  urine  less  acid,  neutral,  or  even 
alkaline. 

The  reaction  of  urine  is  ascertained  by  dipping 
into  it  a  strip  of  violet  litmus  paper,  which,  when 
placed  in  acid  urine,  becomes  red,  and  when  in  alka- 
line urine,  blue.  The  degree  of  acidity  is  determined 
by  finding  how  much  solution  of  soda  is  requisite  to 
make  a  definite  quantity  of  urine  exactly  neutral. 

Chemical  reactions  of  the  urine.— The 
addition  of  hydrochloric  acid  to  urine  renders  it 
darker  and  causes  the  precipitation  of  uric  acid  crystals 
in  the  course  of  twenty-four  hours.  With  great  excess 
of  hydrochloric  acid  urine  becomes  reddish-brown, 
violet,  or  blue.  The  addition  of  sulphuric  or  nitric 
acid  deepens  the  colour  of  urine,  and  if  the  nitric  acid 
be  cautiously  added,  the  surface  of  contact  of  the  two 
fluids  presents  a  reddish  hue.  The  addition  of  'picric 
acid  causes  crystals  of  uric  acid  to  be  precipitated.  If 
acidulated  with  nitric  acid^  and  immediately  treated 
with  phospho-molybdic  acid,  and  made  to  boil,  it  as- 
sumes an  indigo-blue  tint.  The  addition  of  alkaline 
solutions  makes  urine  cloudy  from  the  precipitation  of 
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the  phosphates  of  lime  and  magnesia.  Urine  causes 
the  blue  colour  of  a  mixture  of  iodine  and  starch  to 
disappear.  A  precipitate  forms  on  the  addition  of 
barium  chloride  as  well  as  with  nitrate  of  silver, 
acetate  of  lead,  and  oxalate  of  ammonia ;  dilute  solu- 
tion of  mercury  nitrate  renders  it  hazj,  the  cloud 
disappearing  on  agitation.  Lastly,  when  heated  with 
an  ammoniacal  solution  of  copper  oxide  it  destroys  its 
blue  colour  (Beaunis). 

Chemical  composition  of  the  urine.— The 
urine  contains  on  an  average  about  900  grains  of  solids 
in  twenty-four  hours,  of  which  600  grains  are  organic, 
and  300  grains  are  inorganic. 

The  organic  subsfcances  are  partly  azotised,  partly 
non-azotised.  The  former  include  urea ;  uric  and 
hippuric  acids  ;  kreatinin,  xanthin,  oxaluric  acid,  and 
sometimes  allantoin ;  mucus.  The  latter  include  oxalic 
and  lactic  acids,  and  a  minute  proportion  of  glucose, 
certain  compounds  of  sulphuric  acid  named  phenol- 
sulphuric,  cresol-sulphuric,  and  sulpho-pyrocatechuic 
acids,  urrhodinic  acid,  and  certain  colouring  matters, 
as  urobilin  and  indican. 

Lastly,  there  are  the  inorganic  substances,  which 
include  sodium  and  potassium  chloride,  acid  sodium 
phosphate,  phosphate  of  lime  and  magnesia,  alkaline 
sulphates,  and  traces  of  ammonia  and  iron. 

Many  substances  appear  exceptionally  in  the  urine 
either  after  the  consumption  of  certain  kinds  of  food, 
or  in  particular  states  of  the  constitution.  Thus 
albumin  may  appear  if  a  large  quantity  of  white  of 
egg  be  consumed.  So  also  peptones  are  sometimes 
eliminated  with  the  urine,  and  a  diastatic  ferment.  In 
other  instances^  mucin,  inosite,  hypoxanthin,  leucin, 
tyrosin,  and  cystin,  are  discharged.  The  appearance 
of  albumin  in  large  quantities,  as  shown  by  the  forma- 
tion of  a  dense  precipitate  on  boiling,  and  the  addition 
of  nitric  acid,  is  a  well-known  sign  of  a  serious  disease 
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of  the  kidneys,  Bright's  disease  or  albuminuria.  The 
urine  in  this  affection  is  uniformly  of  low  specitic 
gravity,  usually  below  1010.  The  presence  of  sugar 
in  the  urine  in  considerable  quantity  is  the  charac- 
teristic feature  of  the  disease  known  as  diabetes,  and 
the  specific  gravity  of  the  urine  in  this  affection  is 
often  high,  sometimes  remaining  for  a  long  time  at 
1040. 

The  org^aiiic  constituents  of  the  urine.— 

(1)  TJrea  CO(NH3)2.  The  diamide  of  COg,  or  carba- 
mide.  This  is  the  most  important  constituent  of 
urine,  for  in  man  it  is  the  substance  which  contains 
by  far  the  largest  proportion  of  the  waste  nitrogen  of 
the  body  ;  in  fact,  when  the  diet  is  such  that  the 
weight  of  the  body  is  preserved  the  same  from  day  to 
day,  it  may  be  accepted  that  almost  the  whole  of  the 
nitrogen  which  enters  the  body  in  the  food  is  dis- 
charged from  it  in  the  form  of  urea.  The  healthy 
adult  Englishman  performing  moderate  work  excretes 
about  500  grains  of  urea  per  diem,  or  about  1  oz.  av., 
of  which  nearly  one-half  by  weight  is  nitrogen. 
Women  excrete  less  urea  than  men.  Children,  by 
reason  of  their  activity,  relatively  more.  In  old  age 
the  quantity  falls  considerably.  The  quantity  excreted 
may  be  expressed  differently  by  stating  that  it  is  in 
the  proportion  of  about  3  grains  for  every  1  lb.  of 
body  weight.  Blood  contains  0*025  parts  per  cent, 
of  urea. 

Physical  and  chemical  characters  of 
urea. — Urea  is  a  crystalline  substance,  very  soluble 
in  water  and  in  alcohol,  but  almost  insoluble  in  ether. 
It  dialyses  with  great  rapidity.  When  quickly 
crystallisedj  the  crystals  are  acicular,  but,  when 
slowly  crystallised,  they  form  four-sided  prisms, 
with  oblique  extremities,  belonging  to  the  rhombic 
system.  They  are  without  smell,  but  have  a  cool  taste, 
like  that  of  nitre.    Considerable  interest  is  attached 
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to  urea,  from  the  circumstance  that  it  is  capable  of 
being  formed  artificially.  Thus,  it  can  be  obtained 
from  a  solution  of  ammonium  cyanate,  with  which  it 
is  isomeric,  by  evaporation.  When  heated  to  120°  C. 
it  is  decomposed  into  ammonia,  which  is  volatile,  and 
a  residue  of  biuret  and  cyanuric  acid.  In  putrefying 
urine,  or  when  treated  with  strong  mineral  acids,  or 
when  boiled  with  the  hydrates  of  the  alkalies,  urea 
takes  up  two  equivalents  of  water,  and  becomes  con- 
verted into  ammonium  carbonate,  the  reaction  being 
represented  by  the  formula  00(NH2)3  +  2H3O  = 
00(0^114)2.  When  acted  upon  by  nitric  acid,  it 
breaks  up  into  HgO,  COg,  and  N. 

Tlie  separation  of  urea  in  a  pure  state.— 
(1)  Evaporate  the  urine  of  a  dog,  which  has  been  well 
fed  with  meat,  to  a  syrupy  consistence  ;  add  alcohol  j 
filter  and  evaporate  the  alcoholic  extract ;  set  aside  to 
allow  crystals  to  form. 

(2)  Evaporate  human  urine  to  one-sixth  of  its 
bulk  j  cool  to  freezing  point ;  add  nitric  acid.  Nitrate 
of  urea  falls,  with  colouring  matter  of  urine.  Separate 
the  precipitate  by  filtration,  dissolve  in  boiling  water, 
and  pass  through  animal  charcoal.  On  cooling,  crystals 
of  urea  nitrate  form.  Dissolve  these  in  hot  water,  and 
add  barium  carbonate  till  efi"ervescence  ceases.  The 
fluid  now  contains  barium  nitrate  and  pure  urea. 
Evaporate  it ;  exhaust  with  alcohol,  and  set  aside  to 
crystallise  by  slow  evaporation. 

Tests  for  urea  in  urine.— (1)  Evaporate  urine 
to  half  its  bulk,  and  add  strong  HNO3*  Impure  urea 
nitrate  separates  out. 

(2)  Russell  and  West's  test. — This  test  consists 
essentially  in  decomposing  urea  into  water,  carbon  di- 
oxide, and  nitrogen  gas.  The  quantity  of  the  latter 
produced  is  a  measure  of  the  quantity  of  urea  origin- 
ally present.  The  method  adopted  to  effect  the  decom- 
position is  to  dilute  the  urine  to  be  examined,  and  to 
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mingle  it  suddenly,  by  a  special  arrangement,  with  a 
solution  of  sodium  hypobromite  and  caustic  soda  in  a 
test-tube  inverted  over  water.  Decomposition  imme- 
diately takes  place  according  to  the  following  formula : 
CO(NH2)2  +  3NaBrO  +  2NaH0  =  3NaBr  +  3H2O 
4-  NagCOg  +  Ng.  That  is,  Urea  +  Sodium  hypo- 
bromite -f-  Caustic  soda  =  Sodium  bromide  -i-  Water 
+  Sodium  bicarbonate  -f  Nitrogen.  The  object  of 
adding  the  caustic  soda  is  to  absorb  any  free  COg. 
The  nitrogen  thus  produced  is  given  off  as  gas,  and 
displaces  the  water  in  the  graduated  tube  which  is  held 
over  it.  The  gas  is  at  first  evolved  briskly,  but  after- 
wards more  slowly ;  to  facilitate  its  evolution  the 
bulb  of  the  tube  may  be  slightly  warmed  with  a  spirit- 
lamp.  After  ten  minutes,  the  amount  of  water  dis- 
placed by  the  gas  should  be  read  off  on  the  tube,  which 
is  divided  into  tenths. '  Each  number  on  the  tube 
represents  one  gramme  of  urea  in  100  centimetres  of 
urine.  Normal  urine  should  yield  roughly  1-50  part 
of  nitrogen  by  this  test.  If  urine  contain  albumin,  it 
should  be  first  heafced  with  two  or  three  drops  of  acetic 
acid  and  then  filtered  (Harris  and  Power). 

(3)  Biuret  test. — Heat  urea  crystals  cautiously  in 
a  dry  test-tube  till  the  smell  of  ammonia  ceases  to  be 
perceptible  \  then  add  a  few  drops  of  solution  of 
caustic  potash  and  of  copper  sulphate,  and  a  violet-red 
colour  will  appear  which  is  characteristic  of  biuret, 

€ircum!$tanceis  modifymg^  the  excretion  ol 

urea. — -(1)  The  nature  and  quantity  of  the  diet, — If 
the  food  contain  much  albumin,  casein,  glutin,  or 
other  proteid,  the  amount  of  urea  is  increased.  If,  on 
the  other  hand,  the  food  contain  but  little  nitrogen, 
the  quantity  of  urea  diminishes.  A  diet  rich  in  pro- 
teids  will  cause  the  urea  eliminated  per  diem  to  rise 
from  about  35  grms.  to  80  and  even  to  100  grms. 
(from  500  to  1,500  grains)  in  twenty ^four  hours,  as  is 
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seen  in  some  diabetic  patients  who  eat  an  enormous 
quantity  of  food ;  whilst  a  farinaceous  and  vegetable 
diet  makes  it  fall  to  20  grms.  (300  grains).  Though 
in  greatly  diminished  quantity,  it  still  continues  to 
be  eliminated  when  food  is  wholly  withdrawn  ;  and, 
in  these  circumstances,  there  is  a  diurnal  increase 
about  midday  and  a  diminution  in  the  early  hours  of 
the  morning.  Parkes  found,  in  a  man  placed  upon  a 
purely  non-nitrogenous  diet,  that  the  daily  excretion 
of  urea  fell  on  the  second  day  from  about  thirty-three 
grammes,  which  he  discharged  on  ordinary  diet,  to 
twelve  grammes,  and  afterwards  remained  for  some 
days  with  little  change  at  seven  grammes.  Ranke, 
whose  size  and  weight  were  considerable,  found  that 
after  two  days  of  fasting  with  either  previous  nitro- 
genous or  non-nitrogenous  diet,  the  quantity  of  urea 
fell  to  about  seventeen  grammes  daily.  The  consump- 
tion of  food  at  each  meal  is  swiftly  followed  by  a  rise 
in  the  quantity  of  urea  eliminated. 

(2)  The  influence  of  muscular  exercise. — The  ex- 
periments that  have  been  made  both  on  animals  and 
man  show  that  muscular  exertion  causes  a  slight 
increase  in  the  amount  of  urea  excreted.  The  ex- 
periments that  are  most  relied  on  to  establish  this  are 
those  of  Yoit  on  the  dog,  those  made  by  Flint  and 
Parkes  on  Mr.  Weston  the  pedestrian,  and  those  by 
Parkes  on  soldiers.  In  Yoit's  experiments,  a  large 
dog,  weighing  about  seventy  pounds,  was  selected, 
and  carefully  trained,  first,  to  perform  certain  regular 
work,  as  the  turning  of  a  tread-mill,  the  force  required 
to  accomplish  which  had  been  calculated  with  great 
nicety  ;  and,  secondly,  to  evacuate  the  contents  of 
the  bowels  and  bladder  at  stated  intervals.  The 
excreta  of  the  dog,  when  under  ordinary  conditions 
and  with  his  food  and  body -weight  in  equilibrium, 
were  then  examined  chemically,  both  in  the  fasting 
state  and  when  consuming  a  minimum  diet.  It  was 
K— 5 


Human  Physiology,  [Chap.  xii. 


then  made  to  work,  by  turning  the  tread-mill  for  ten 
minutes  at  a  time  six  times  during  the  day,  (1)  when 
fasting  except  from  water,  and  (2)  when  supplied 
with  just  sufficient  food  to  cover  loss  when  no  work 
was  done.  The  results  showed  that  there  was  an 
increase  in  the  quantity  of  urea  when  work  was  done, 
but  that  the  amount  of  increase  was  very  small,  viz. 
an  increase  of  from  0*1  to  0'3  gramme  in  the  fasting 
experiments  when  the  total  in  repose  was  about  one 
gramme  per  diem  ;  and  an  increase  of  from  0*3  to 
0*7  gramme  in  the  experiments  with  food  when  the 
excretion  of  the  animal  at  rest  was  about  7  grammes 
per  diem.  Yoit  drew  the  conclusion  that,  during 
work,  the  substance  of  the  muscle  cannot  undergo  any 
large  amount  of  disintegration,  as  was  generally 
supposed  before  his  experiments  were  made,  and  that 
the  force  exerted  must  be  derived  from  the  oxidation 
of  other  materials,  of  which  the  fat  of  the  body  or  of 
the  food  was  the  most  probable. 

The  experiments  of  Fick  and  Wislicenus  afforded 
important  confirmation  of  the  general  truth  of  Yoit's 
statement.  These  observers  climbed  an  Alpine  peak, 
the  Faulhorn,  the  height  of  which  is  1,956  metres,  on 
food  from  which  nitrogen  was  excluded.  The  work 
in  the  case  of  Fick,  who  weighed  66  kilogrammes, 
was  129,096  kilogrammetres,  and  in  the  case  of 
Wislicenus,  whose  weight  was  76  kilogrammes, 
148,656  kilogrammetres.  In  addition,  other  muscular 
work  was  done  within  the  body  of  each  man,  as  the 
action  of  the  heart  and  of  the  muscles  of  respiration, 
the  exertion  required  to  maintain  the  erect  position 
and  the  movements  of  the  arms,  which  would  all  add 
their  quota  to  the  products  of  muscular  exertion. 
They  took  no  albuminous  food  for  seventeen  hours 
previous  to  making  the  ascent,  none  during  the  ascent, 
which  occupied  eight  hours,  and  none  for  six  hours 
after ;    but  they  did  take  a  moderate  amount  of 
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non-azotised  food,  consisting  of  cakes  made  with  rice, 
fat,  and  sugar,  as  solid  food,  with  beer,  tea,  and  wine  in 
the  way  of  liquids.  The  urine  of  different  periods  of 
the  experiment  was  carefully  tested  to  determine  the 
amount  of  urea.  The  periods  selected  were,  that 
passed  on  the  night  before  the  ascent,  that  passed  on 
gaining  the  summit,  that  passed  after  the  descent, 
and,  lastly,  that  passed  after  a  full  meal  had  been 
taken.  The  comparison  of  these  specimens  of  urine 
showed  that  in  both  observers  there  was  a  slight 
decrease  in  the  amount  of  urea  in  the  urine  during 
the  ascent  and  after  the  descent,  as  compared  with 
the  period  before  the  ascent,  the  quantity  discharged 
by  Fick  in  grammes  per  hour  during  the  four  periods 
indicated  being  0-63,  0*41,  0-40,  and  0-45,  whilst  in 
Wislicenus  it  was  0-61,  0-39,  0-40,  and  0-51,  the 
unanimity  of  the  observations  on  the  two  men  being 
remarkable.  It  would  therefore  appear  that  in  man, 
as  in  the  dog,  muscular  exertion  causes  but  little 
perceptible  disintegration  or  waste  of  the  proper 
muscular  tissue. 

The  chief  element  of  possible  error  in  this  conclu- 
sion lies  in  the  fact  that  it  is  assumed  that  muscular 
tissue,  if  wasted  at  all,  would  cause  an  immediate 
increase  in  the  quantity  of  urea  in  the  urine  ;  but  it 
is  clearly  possible  that  the  decomposition  of  muscle 
into  urea  may  not  be  immediate,  and  that  other  nitro- 
genous compounds  may  be  formed,  which  may  remain 
for  some  time  in  the  body,  and  be  only  slowly  elimi- 
nated from  the  body,  and  perhaps  in  some  other  form 
than  urea.  This  has,  indeed,  been  demonstrated  re- 
cently to  occur,  experiments  having  been  made  which 
show  that  as  much  as  20  per  cent,  of  the  total  N 
eliminated  is  discharged  by  other  compounds  than 
urea.  Gamgee,  however,  considers  that  Fick  and 
Wislicenus'  experiments  show  beyond  all  doubt  that 
during  and  after  muscular  contraction  the  quantity 
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of  effete  nitrogenous  material  which  passes  out  of  the 
body  is  by  no  means  adequate  to  effect  the  mechanical 
work  done  in  contraction.  What  they  fail  to  show 
is,  whether  or  not  any  nitrogenous  waste  occurs  in 
muscle  during  activity.  If  the  urea  be  taken  as  a 
measure  of  the  decomposition  of  albumin  or  proteids 
in  the  body,  it  may  be  calculated  that  the  quantity  of 
proteids  decomposed  by  Fick  was  37*17  grammes,  and 
by  Wislicenus  37  grammes.  These  numbers  afford 
data  for  determining  the  exact  amount  of  force  gene- 
rated in  the  oxidation  of  this  quantity  of  proteids, 
and  from  Frankland's  researches  it  is  certain  that  the 
total  burning  of  37  grammes  of  albumin  would  only 
yield  about  80,000  kilogrammetres  of  force  :  but  we 
have  already  seen  that  Fick  required  upwards  of 
129,000,  and  Wislicenus  of  148,000,  kilogrammetres 
for  the  mere  ascent,  without  reckoning  the  amount  of 
force  required  for  the  operations  carried  on  within  the 
body.  Experiments,  similar  to  those  of  Fick  and 
Wislicenus,  were  undertaken  by  Professor  Haughton, 
who  found  that  with  a  daily  walk  of  five  miles  for 
five  consecutive  days  the  quantity  of  urea  eliminated 
was  501-28  grains,  whilst  with  a  daily  walk  of  20 
miles,  other  conditions  remaining  unchanged,  the 
amount  of  urea  discharged  was  501-16  grains,  or  a 
trifle  less  than  before.  Prof.  Parkes  made  a  still  more 
interesting  series  of  researches  on  two  soldiers  at  Net- 
ley.  In  one  series  the  effects  of  work  and  of  rest 
were  contrasted  in  regard  to  the  elimination  of  urea 
on  a  diet  which  was  abundant  in  quantity  but  contained 
no  nitrogen,  and  in  a  second  series  the  effects  of  work 
and  rest  were  contrasted  on  a  normal  diet  containing 
nitrogen.  In  both  sets  of  experiments  it  was  found 
that  there  was  a  slight  total  increase  of  nitrogen 
eliminated  during  muscular  exertion,  though  there 
was,  as  in  Haughton's  and  in  Pick's  experiments,  at 
first,  and  for  about  36  hours^  a  slight  decrease  in  the 


Chap.  XII.] 


Excretion  of  Urea. 


261 


amount  of  nitrogen  eliminated  when  work  was  per- 
formed. The  decrease  was  subsequently  over-com- 
pensated by  an  increased  discharge  of  urea.  The 
experiments  on  Weston,  who,  in  one  instance,  walked 
100  miles  in  21  hours  39  minutes,  and  subsequently 
attempted,  but  failed,  to  walk  400  miles  in  five  con- 
secutive days,  were  important,  because  Dr.  Flint 
determined  on  the  last  occasion  the  elimination  of 
nitrogen  by  the  urine  for  five  days  before  the  walk 
and  for  five  days  after  it.  Mr.  Weston  was  31, 
weighed  126  lbs.,  smoked  moderately,  and  was  an 
almost  total  abstainer  from  alcohol.  A  sample  of 
every  kind  of  food  consumed  was  carefully  analysed. 
During  the  five  days  of  the  walk  Weston  consumed  in 
all  1173-8  grains  of  nitrogen  in  his  food,  and  he  elimi- 
nated 1807  grains  of  nitrogen  in  the  urine  and  faeces. 
This  leaves  633*8  grains  of  nitrogen  over  and  above 
the  nitrogen  of  the  food,  which  it  seems  probable 
must  be  attributed  to  the  waste  of  the  tissues,  and 
probably  almost  exclusively  to  the  waste  of  muscular 
tissue.  In  this  experiment  Mr.  Weston  broke  down 
on  the  morning  of  the  fourth  day,  clearly  from  utter 
exhaustion  of  the  nervo-muscular  apparatus,  and  it  is 
probable  that  this  was  the  result  of  insufficient  sleep 
and  food.  It  is  enough  to  add  that  in  Pavy's  experi- 
ments on  Weston,  though  he  lost  weight,  the  nitro- 
genous waste  during  the  walking  period  was  incompe- 
tent to  account  for  the  mechanical  work  done. 

The  results  of  all  these  experiments,  then,  seem  to 
demonstrate  that  there  is  a  slight  increase  in  the  total 
excretion  of  nitrogen  after  exercise,  and  this  probably 
in  part  proceeds  from  the  disintegration  of  muscular 
tissue.  But  the  relation  of  waste  of  the  proper  tissue 
of  muscle  to  the  amount  of  work  done  may  not 
inaptly  be  compared  with  the  loss  undergone  by  the 
iron  framework  of  a  locomotive  whilst  running.  Dur- 
ing action  a  part  of  the  framework  is  disintegrated 
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and  cast  off,  but  the  wear  and  tear  of  the  machine  are 
comparatively  trifling  ;  the  real  source  of  the  power  is 
the  fuel  in  the  one  instance  and  the  carbohydrates  and 
fatty  compounds  supplied  by  the  food  in  the  other  ; 
and  this  view  is  fully  supported  by  the  vast  increase 
in  the  quantity  of  O  absorbed  and  of  COg  eliminated 
during  muscular  effort. 

Origin  of  urea. — Urea,  with  carbonic  acid  and 
water,  must  be  regarded  as  the  final  stages  of  the 
regressive  changes  through  which  the  albuminous 
compounds  pass  in  their  transit  through  the  body. 
Some,  but  not  all,  of  the  steps  by  which  the  proteids 
are  converted  into  urea  are  known.  In  the  alimentary 
canal,  for  example,  they  are  first  converted  by  the 
action  of  the  gastric  juice  into  peptones,  and  these 
again,  by  the  action  of  the  pancreatic  ferment,  yield 
leucin,  glycin,  tyrosin,  and  asparaginic  acid,  whilst, 
by  putrefaction,  the  proteids  yield  various  salts  of 
ammonia.  Similar  changes  take  place  in  the  proteids 
in  the  organs  and  tissues  of  the  body  after  their 
absorption  in  the  blood,  and  a  number  of  compounds 
have  been  isolated,  such  as  allantoin,  alloxan,  xanthin_, 
hypoxanthin,  guanin,  and  uric  acid,  •  which  are  so 
closely  allied  to  urea  that  some,  especially  the  last 
two,  replace  it  in  the  urine  of  various  animals,  or 
appear  instead  of  urea  as  the  result  of  some  dis- 
turbance of  the  economy,  whilst  the  relationship  is 
further  shown  by  the  circumstance  that  if  adminis- 
tered with  the  food  they  greatly  augment  the  quantity 
of  urea  excreted.  The  best  physiological  chemists 
admit,  however,  that  it  is  not  at  present  possible  to 
arrange  a  table  in  which  the  albuminous  compounds 
shall  appear  at  the  head  of  the  list  and  urea  at  the 
bottom.  An  approximation  may  be  made,  no  doubt ; 
but  there  must  be  many  gaps,  and  it  seems  prob- 
able  that  the  immediate  antecedents  of  urea  are 
either  carbonic  acid  and  ammonia,  which  unite  with 
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subtraction  of  water  ;  or  carbaminate  of  ammonia  ;  or, 
lastly,  cyanate  of  ammonia. 

Is  urea,  then,  a  substance  formed  from  the  blood  by 
the  cells  lining  the  tubules  of  the  kidney,  just  as  the 
cells  of  the  mammary  gland  are  believed  to  form  milk  ; 
or  does  it  pre-exist  in  the  blood,  and,  being  formed 
elsewhere,  do  the  renal  cells  merely  act  as  filters,  and 
free  the  system  from  urea,  just  as  sodium  chloride, 
potassium  phosphate,  or  any  other  salt,  is  eliminated  % 
There  can  be  no  doubt  that  the  blood  contains  urea 
in  all  parts  of  the  system,  though  the  quantity  is 
extremely  minute.  In  arterial  blood  it  is  present  in  the 
proportion  of  about  1  part  in  10,000,  but  in  the  blood 
that  has  just  traversed  the  kidney  the  proportion 
sinks  to  about  1  part  in  20,000.  The  minute  quan- 
tity that  exists  at  any  moment  does  not,  however, 
form  any  bar  to  the  elimination  of  large  quantities  in 
a  given  time  if  we  admit  that  the  flow  of  blood 
through  the  kidneys  is  very  large,  and  that  the  renal 
cells  seize  upon  it  with  avidity,  and  remove  it  as  fast 
as  it  is  formed.  That  these  cells  are  not  essential  to 
its  production  is  rendered  evident  by  the  results  of 
extirpating  the  kidneys,  or  of  applying  a  ligature  to 
the  renal  arteries,  or  to  the  renal  veins  ;  for  in  all 
instances  urea  begins  to  accumulate  in  the  blood,  and 
may,  in  the  course  of  twenty-four  hours,  increase  from 
two  to  eight  times  its  former  proportion.  The  accu- 
mulation of  urea  in  the  blood  as  the  result  of  patho- 
logical conditions,  in  which  microscopical  examination 
shows  that  the  function  of  the  kidneys  is  abolished, 
is  well  known,  and  in  such  cases  urea  is  sometimes 
discharged  with  the  sweat  in  such  quantities  as  to 
form  a  crystalline  deposit  on  the  surface  of  the  skin. 
When,  however,  we  ask  where,  and  in  what  organ, 
urea  is  formed,  the  question  can  only  be  doubtfully 
answered.  The  composition  of  urea  points  to  its 
origin  from  the  proteid  constituents  of  the  body,  and 
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the  uniformity  with  which  it  is  excreted,  even  during 
fasting,  shows  that  it  must  be  always  in  course  of 
production ;  but  it  is  remarkable  that  none  is  contained 
in  the  muscles,  and  little,  if  any,  in  the  brain  and 
nervous  system,  which  together  form  so  large  a  part 
of  the  body.  It  is,  however,  constantly  present  in  the 
liver,  and  has  sometimes  also  been  found  in  the  spleen 
and  lymphatic  glands,  and  these  organs  are  known  to 
be  the  seat  of  very  active  chemical  changes.  It  has 
been,  therefore,  very  generally  held,  that  a  part  at 
least  of  urea  is  here  formed  ;  and  this  view  is  sup- 
ported by  the  fact  that,  in  disease  of  the  liver, 
attended  with  fatty  degeneration  of  its  cells,  or  in 
acute  yellow  atrophy,  material  diminution  in  the 
excretion  of  urea  occurs.  But  it  is  conceivable  that 
the  muscles  and  nerves  may,  as  a  stage  in  their 
disintegration,  generate  compounds  which  may  be 
convertible  into  urea,  and  in  this  point  of  view 
great  interest  attaches  to  those  bodies  which  are  so 
closely  allied  to  urea,  and  which  can  be  extracted 
from  muscle.  Examples  are  found  in  kreatin,  which, 
when  boiled  with  baryta  water,  breaks  up  into  urea 
and  sarkosin  ;  in  leucin,  which,  when  ingested  with 
food,  rapidly  reappears  as  urea  in  the  urine ;  and 
in  glycin,  ty rosin,  xanthin,  sarkin,  and  the  like,  which 
have  a  composition  more  or  less  resembling  urea,  and 
are  obtained  from  many  different  organs  and  tissues. 
In  acute  yellow  atrophy  of  the  liver,  whilst  urea  is 
greatly  diminished  or  absent,  its  place  is  taken  by 
leucin  and  ty  rosin. 

Several  observers  have,  however,  noticed  that  the 
quantity  of  urea  in  the  blood  after  ligature  of  the 
ureters  is  much  greater  than  after  ablation  of  the 
kidneys,  which  supports  the  view  that  the  kidneys 
themselves  aid  in  its  production  ;  and  if  this  be  ad- 
mitted, it  is  probable  that  it  proceeds  from  the  meta- 
morphosis of  kreatin,  the  quantity  of  which  is  always 
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increased  in  the  muscles  after  the  ureters  have  been 
tied.  An  increase  of  urea  quickly  follows  the  diges- 
tion of  proteids.  Yet  it  is  remarkable  that  when 
peptones  are  directly  introduced  into  the  blood  by 
intravenous  injection,  upwards  of  80  per  cent,  re- 
appears in  the  urine  unchanged. 

(2)  TJric Acid^Q^^ — This  compound  is  closely 
allied  to  urea,  and  is  the  chief  mode  in  which  nitro- 
gen is  eliminated  from  the  body  of  birds,  reptiles, 
and  insects.  The  ordinary  quantity  that  is  discharged 
in  a  healthy  adult  per  diem  is  about  10  grains,  the 
proportion  to  urea  being  about  1  :  50  ;  but  if  the  diet 
be  highly  nitrogenous,  it  may  rise  to  30  grains  or 
more.  Uric  acid  is  colourless,  without  taste  or  smell, 
and  crystallises  in  various  forms,  the  type  of  which  is 
the  rhombic  tablet.  It  does  not  exist  in  the  free  state 
in  the  urine,  but  forms  an  acid  urate  of  sodium  and 
potassium.  It  is  very  insoluble  in  water,  one  part 
only  being  dissolved  in  18,000  of  cold  and  in  15,000 
of  hot  water.  Hence  when  formed  in  excess  it  is  apt 
to  appear  as  a  red  sediment  in  the  urine,  to  accumu- 
late in  the  pelvis  of  the  kidneys,  forming  a  singularly 
painful  form  of  stone,  and  to  be  deposited,  in  combina- 
tion with  bases,  in  the  joints.  IJric  acid  is  a  less 
perfectly  oxidised  compound  of  nitrogen  than  urea, 
and  therefore  makes  its  appearance  when  with  abun- 
dant food  there  is  insufficient  respiratory  activity. 

Tests  for  uric  £&cid. — 1.  The  addition  of  a 
few  drops  of  hydrochloric  acid  to  urine  causes  uric 
acid  to  separate  in  the  course  of  a  few  hours  in  the 
form  of  crystals,  the  form  of  which  may  be  recognised 
under  the  microscope. 

2.  The  murexide  test. — Uric  acid  or  urates  when 
gently  heated  in  a  saucer  with  nitric  acid  become 
yellow  and  decompose  into  N  and  COg,  which  are 
volatile,  and  urea  and  alloxan,  which  remain.  If 
solutions  of  these  are  slov/ly  evaporated  to  dryness, 
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and  a  drop  of  liquor  ammonise  is  added,  murexide 
or  ammonium  purpurate  forms,  with  the  production 
of  a  purple-red  tint,  which  is  very  characteristic. 

3.  Silver  or  Schiff's  test. — Drop  a  drop  of  the  fluid 
containing  a  urate  or  uric  acid  dissolved  in  an  alkaline 
carbonate,  upon  a  piece  of  blotting-paper  saturated 
with  solution  of  silver  nitrate,  and  a  black  spot 
appears,  owing  to  reduced  silver. 

The  place  of  orig^iit  of  uric  acid.— Experi- 
ments to  determine  this  point  have  been  made  on 
fishes,  birds,  and  on  snakes,  and  it  has  been  found  that 
crystals  of  uric  acid  are  contained  in  the  tubules  of 
the  kidneys  in  fish  ;  that  a  few  hours  after  the  ligature 
of  the  ureters  in  birds,  the  canaliculi  of  the  kidneys 
are  filled  with  urates  (which,  however,  are  not  found 
in  the  Malpighian  capsules) ;  and  that  at  a  subsequent 
period  a  deposit  of  urates  takes  place  on  the  surface 
of  all  the  serous  membranes,  the  lymphatics  of  which 
are  completely  occluded  by  amorphous  precipitate  of 
these  salts  ;  on  the  joint  ends  of  bones,  in  the  paren- 
chyma of  the  lungs,  and  elsewhere ;  whilst  the  blood, 
which  under  normal  conditions  is  free  from  uric  acid, 
contains  a  quantity  large  in  proportion  to  the  time 
that  has  elapsed  after  the  performance  of  the  opera- 
tion. Parallel  experiments  in  snakes  are  followed  by 
the  same  efl*ects ;  but  if  in  these  reptiles  the  kidneys 
are  extirpated,  very  little  deposit  of  the  urates  occurs, 
and  none  is  found  in  the  muscles,  lungs,  or  liver. 
The  conclusion  is  therefore  obvious,  that  uric  acid  is 
chiefly  formed  at  the  kidneys,  and  by  the  action  of  the 
cells  of  those  organs.  The  liver  may  have  some  share 
in  the  production  of  uric  acid,  since  if  the  liver  be 
excluded  from  the  circulation  lactic  acid  takes  the 
place  of  uric  acid  in  the  urine.  The  characters  of 
the  other  azotised  constituents  of  the  urine,  kreatinin, 
hippuric  acid,  xanthin,  hypoxanthin,  oxaluric  acid, 
and  allantoin,  are  given  in  the  companion  volume. 
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The  noii-azotised  constitiieiits  of  the 
urine. — The  chief  non-azotised  constituents  are  oxalic 
acid,  which  exists,  in  combination  with  lime,  in  small 
quantities ;  it  is  augmented  by  the  use  of  all  foods 
containing  oxalates,  as  rhubarb  and  tomatoes,  and  by 
fruits  containing  citric  acid  ;  lactic  acid,  found  after 
violent  muscular  exertion  ;  sugar,  the  normal  quan- 
tity of  which  is  very  small,  but  still  interesting  from 
its  great  increase  in  some  forms  of  disease  ;  and  succinic 
acid,  which  occurs  after  the  use  of  certain  articles  of 
diet,  as  asparagus. 

llrohiliii.— This  substance  is  a  product  of  the 
metamorphosis  of  hsematin,  and  is  associated  with 
the  colouring  matter  of  the  bile.  It  confers  upon 
the  urine  its  red  or  reddish-yellow  colour.  It  is 
especially  abundant  in  the  urine  of  febrile  patients. 
Another  substance,  termed  urochrome,  has  also  been 
recognised,  which  oxidises  when  exposed  to  the  air, 
and  yields  uroerythrine,  which  colours  the  precipitates 
of  sodium  urate.  The  spectrum  of  urochrome  has  no 
characteristic  absorption  band,  but  that  of  urobilin 
presents  one  between  h  and  f,  that  is,  between  the 
green  and  the  blue.  If  bilirubin  be  treated  with 
sodium  amalgam,  hydrobilirubin  is  obtained  ;  and  if 
bilirubin  be  acted  on  by  nitric  acid,  choletelin  is 
procured.  Both  hydrobilirubin  and  choletelin  give 
the  same  absorption  band  as  urobilin.  Choletelin 
may  be  still  more  highly  oxidised,  when  it  yields  no 
absorption  band,  and  thus  resembles  urochrome. 

The  more  important  salts  contained  in  the  urine 
are : 

1.  Sodium  chloride,  of  which  about  200  grains 
are  excreted  per  diem.  Women  excrete  less,  and 
children  still  less.  There  are  two  periods  of  the  day 
at  which  maximum  quantities  are  eliminated,  one  in 
the  morning  and  the  other  in  the  afternoon.  It 
diminishes  to  thirty  or  forty  grains  in  inanition.  It 
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is  increased  by  the  ingestion  of  food,  and  by  muscular 
and  nervous  work. 

2.  Piiospliates.— The  quantity  of  phosphoric  acid 
daily  discharged  is,  on  the  average,  30  grains.  One- 
third  of  this  is  combined  with  lime  and  magnesia,  the 
other  two-thirds  with  the  alkalies  sodium  and  potas- 
sium. The  acid  sodium  phosphate  gives  its  acid 
reaction  to  the  urine.  The  quantity  of  the  phosphates 
eliminated  is  augmented  by  abundant  food,  by  neuro- 
muscular effort,  and  by  the  ingestion  of  phosphates. 
They  are  increased  by  mental  work.  The  elimination 
of  phosphates  is,  for  obvious  reasons,  less  free  during 
pregnancy,  and  during  the  early  years  of  growth  and 
development. 

3.  SuBphates. — A  man  eliminates  about  45  grains 
of  sulphuric  acid  per  diem.  It  is  combined  with 
sodium,  potassium,  and  ammonium.  The  quantity  is 
increased  by  food  and  by  muscular  exertion. 

4.  Ammonia. — The  quantity  of  ammonia  elimi- 
nated by  the  urine  in  twenty-four  hours  is  about  10 
grains.  It  is  increased  by  some  articles  of  diet,  as 
asparagus. 

5.  The  carbonates  and  bicarbonates  of  Na,  Ca, 
Mg,  and  NH^O  are  commonly  present. 

Spontaneous  ctian§:es  in  nrine  on  stand- 
ing^.— Urine,  on  standing  in  a  cool  place,  first  precipi- 
tates a  little  mucus,  which  forms  a  light  cloud,  and  then 
becomes  more  acid,  owing  to  the  development  of  an 
organic  ferment  (fungus),  which  acts  on  the  minute 
quantity  of  sugar  contained  in  the  urine,  and  leads  to 
the  development  of  lactic  and  acetic  acids,  the  presence 
of  which  causes  the  precipitation  of  uric  acid,  acid 
sodium  urate,  and  lime  oxalate,  rendering  the  urine 
cloudy.  After  the  lapse  of  some  time  the  urine 
passes  into  alkaline  or  ammoniacal  fermentation,  a 
bacilliform  micrococcus  urece  appearing,  which  d'^^com- 
poses  urea  with  addition  of  water  into  ammonium 
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carbonate.  Urea  CO(NH2)3  +  2H3O  =  ammonium 
carbonate  C03(NH4)3. 

Mode  of  secretion  of  the  urine.— The  con- 
ditions under  which  the  urine  is  secreted  differ  from 
those  of  all  other  glands  in  the  circumstance  that  the 
capillary  vessels  constituting  the  tufts  of  Malpighi 
enter,  without  the  intervention  of  any  lymph  spaces, 
directly  into  relation  with  the  gland  tissue,  separated 
from  it  only  by  a  delicate  layer  of  epithelium  and  the 
capillary  wall.  In  other  parts  of  the  gland,  however, 
the  usual  arrangements  prevail.  Bowman  pointed 
out  long  ago  that  the  disposition  of  the  blood-vessels 
in  the  Malpighian  capsule  was  eminently  favourable 
to  the  transudation  of  the  watery  parts  of  the  urine, 
and  that  it  was  probable  the  salts  were  also  excreted 
at  this  point,  whilst  the  essential  constituents  of  the 
urine,  as  the  urea,  were  eliminated  by  the  cells  lining 
the  convoluted  portion  of  the  tube,  and  were  washed 
away  by  the  fluid  coming  down  from  the  capsule. 
In  the  Malpighian  body  a  small  artery  breaks  up 
suddenly  into  a  tuft  of  capillaries  covered  with  squa- 
mous epithelium,  and  there  can  be  no  doubt  that  in 
ordinary  circumstances  the  pressure  of  the  blood  in 
these  capillaries  must  be  relatively  high,  and  that  the 
conditions  are  favourable  to  the  filtration  of  water  into 
the  renal  tubules.  The  efferent  vessel  from  the  Malpi- 
ghian tuft  again  breaks  up  into  a  network  of  capillaries, 
distributed  over  the  convoluted  portion  of  the  tubules. 
The  pressure  of  the  blood  in  this  extensive  secondary 
plexus  must  be  much  less  than  in  the  capillaries  of 
the  Malpighian  tufts  ;  the  current  must  be  retarded, 
and  time  therefore  afforded  for  the  cells  to^ abstract 
from  the  blood  the  more  important  constituents  of 
the  urine.  The  result  of  Heidenhain's  inquiries 
favoured  the  view  taken  by  Bowman,  for  he  showed 
that  certain  substances  are  excreted  by  the  cells  of 
the  convoluted  portion  of  the  tubes,  and  not  by  those 
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of  the  glomeruli,  and  hence  that  the  functions  of 
these  two  sets  of  cells  are  different.  Thus,  if  a  few 
minims  of  a  solution  of  a  pure  sulph-indigotate  of 
soda  be  injected  into  the  vessels  of  a  rabbit,  after 
section  of  the  cord,  which  is  done  to  reduce  the  blood 
pressure,  and  to  allow  a  slower  current  of  blood 
to  traverse  the  kidneys,  it  will  be  found  that  the 
cells  of  the  convoluted  portion  of  the  kidney  will,  in 
the  course  of  a  few  minutes,  be  stained  of  a  blue 
colour,  whilst  those  lining  the  capsules  are  quite 
uncoloured.  If,  however,  an  hour  be  allowed  to  elapse 
before  the  death  of  the  animal,  neither  set  of  cells 
presents  any  coloration,  but  the  granules  of  colouring 
matter  lie  free  in  the  lumen  of  the  tubes,  whilst  none 
is  contained  in  the  capsules,  clearly  showing  that  the 
cells  lining  the  convoluted  tubes  have  seized  on  the 
sulph-indigotate  of  soda,  and  have  excreted  it  into 
that  part  of  the  tube  to  which  they  are  attached. 
When  a  part  of  the  renal  surface  is  destroyed  by  the 
application  of  nitrate  of  silver,  the  colouring  matter, 
instead  of  being  washed  away  by  the  water  discharged 
by  the  glomeruli,  remains  in  situ.  Whether  the 
excretion  of  the  urea  and  salts  and  of  the  water  is 
a  simultaneous  process,  or  whether  the  solid  consti- 
tuents are  first  excreted  into  the  lumen  of  the  tubes, 
and  are  then  swept  away  by  a  flush  of  water  from  the 
glomeruli,  is  unknown.  In  the  frog  the  watery  ex- 
cretion of  the  glomeruli  is  effected  at  the  expense  of 
the  blood  of  the  renal  artery,  whilst  the  convoluted 
tubules  receive  their  vessels  from  the  renal  portal 
system.  The  secretion  of  urine  is  at  once  arrested 
if  a  ligature  be  placed  upon  the  renal  artery,  but  a 
collateral  circulation  is  soon  completed,  and  the 
secretion  of  urine  recommences. 

Influence  of  tlie  nervons  system  on  the 
secretion  of  nrine. — The  secretion  of  the  urine 
is  largely  under  the  control  of  the  nervous  system, 
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which  probably  acts  in  two  ways,  by  its  influence  on 
the  vascular  system  and  by  its  action  on  the  gland  cells. 
The  nerves  influencing  the  vessels  have  alone  been 
satisfactorily  determined,  and  these  have  been  shown 
to  issue  from  the  cord  in  the  dog,  chiefly  by  the  anterior 
roots  of  the  last  seven  dorsal  nerves,  and  are  both 
vaso-constrictor  and  vaso-inhibitory  in  function,  the 
former  lr)eing  the  more  distinct. 

Influence  of  blooit  pressure  on  the  secre- 
tion of  urine.  — The  kidneys  receive  a  very  large 
proportion  of  blood,  and  in  dogs  it  has  been  found  by 
experiment  that  when  the  blood  pressure  in  the  aorta 
falls  below  40  to  50  mm.  Hg.,  the  excretion  of  water 
by  the  kidneys  is  entirely  arrested.  We  might  there- 
fore expect  that  a  diminution  would  be  observed  on 
failure  of  the  heart's  action ;  on  dilatation  of  the 
vessels  of  large  areas,  as  the  intestines,  muscles,  or 
skin;  after  haemorrhage;  and  after  section  of  the  cord. 
On  the  other  hand,  it  is  increased  by  those  conditions 
which  cause  either  general  increase  of  blood  pressure 
or  local  increase  of  the  pressure  of  the  blood  in  the 
renal  arteries.  Thus,  if  a  ligature  be  applied  to  the 
aorta  below  the  origin  of  the  renal  arteries,  or  if 
several  of  the  larger  arteries  of  the  body  be  tied  so 
that  the  pressure  of  the  blood  in  those  that  remain 
patent  is  exalted,  or  if  cold  be  applied  to  the  skin, 
a  larger  quantity  of  blood  flows,  under  greater 
pressure,  through  the  renal  vessels,  and  the  quantity 
of  urine  discharged  is  much  increased. 

Local  variations  of  blood  pressure  produce  the 
same  effects  as  general  variations.  Thus  the  local 
pressure  of  the  blood  in  the  kidneys  can  be  increased 
by  section  of  the  renal  vascular  nerves  proceeding 
from  the  splanchnics,  and  by  puncturing  the  medulla 
oblongata,  and  in  both  cases,  though  the  blood 
pressure  generally  is  not  affected,  a  great  increase 
in  the  flow  of  urine  occurs.    But  if  the  renal  arterioles 
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are  made  to  contract  by  electric  stimulation  of  the 
splanchnic  nerves  or  of  the  spinal  cord,  or  by  injection 
of  digitalis  into  the  blood,  the  local  pressure  in  the 
capillaries  of  the  kidneys  diminishes,  and  the  quantity 
of  urine  falls. 

Ligature  of  the  renal  veins,  though  it  greatly  in- 
creases the  pressure  in  the  capillaries,  causes  diminu- 
tion of  the  flow  of  urine,  which  is  evidently  due  to 
the  great  reduction  it  occasions  in  the  quantity  of  the 
blood  traversing  the  kidneys,  and  also,  perhaps,  to 
its  interference  with  the  nutrition  of  the  secreting 
cells. 

The  quantity  of  the  organic  constituents  does  not 
depend  on  the  pressure,  as  is  clearly  shown  by  the 
increased  quantity  of  urea  eliminated,  when,  other 
conditions  remaining  the  same,  the  quantity  of  urea 
in  the  blood  is  increased  by  injecting  it  into  the  veins; 
and  this  occurs  even  when  the  blood  pressure  is 
greatly  lowered  by  section  of  the  spinal  cord.  The 
elimination  of  their  constituents  cannot  therefore  be 
by  any  means  regarded  as  a  mere  process  of  filtration. 
The  disposition  of  the  vessels  of  the  kidney,  and  the 
peculiar  and  varying  characters  of  the  epithelium 
lining  the  different  parts  of  the  tubules,  are  very 
suggestive  of  a  difference  in  the  function  of  the 
different  parts. 

There  seems  to  be  a  certain  alternation  in  the 
activity  of  the  two  kidneys,  so  that  when  one  is 
secreting  vigorously  the  other  is  relatively  quiescent. 
Variations  in  the  composition  of  the  blood  materially 
modify  the  activity  of  the  kidneys. 

Pressifire  under  wliicti  llie  urine  is  dis- 
ctiarg^ed. — If  a  mercurial  manometer  be  inserted 
into  the  ureter  of  an  animal,  it  is  found  that  the 
pressure  under  which  the  urine  is  secreted  will  rise 
until  it  supports  a  column  of  mercury  60  mm.  in 
height,  when  secretion  stops.    The  pressure  of  the 
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blood  in  the  aorta  in  such  animals  has  been  observed 
to  vary  from  100  to  105  mm.  of  mercury. 

Micturition. — The  urine  as  it  is  secreted  collects 
in  the  bladder,  and  is  discharged  at  irregular  intervals, 
but  usually  four  or  five  times  a  day.    The  bladder 
holds  about  one  pint  and  a  half,  and  the  pressure 
of  urine  in  it  in  the  healthy  man  produces  no  effect 
till  it  has  accumulated  to  a  moderate  amount,  when 
some  discomfort  is  felt,   and  by  a  slight  effort  of 
the  will  the  bladder  contracts  and  completely  empties 
itself.    If  this  amount  be  much  exceeded,  the  desire 
to  evacuate  it  becomes  imperious  ;  and  if  it  cannot  be 
gratified,  pain  is  experienced,  and  violent  straining 
efforts  are  made.    The  nervous  mechanism  appears 
to  be  that  there  is  a     micturition  centre "  in  the 
lumbar  region  of  the  spinal  cord,  to  which  sensory 
fibres  convey  impressions  from  the  mucous  membrane 
of  the  bladder,  and  from  which  motor  impulses  are 
transmitted  to  the  bladder.    This  centre  is  under 
the  control  of  the  will.    In  ordinary  circumstances, 
the  stimulus  of  the  bladder,  when  moderately  full,  is 
conducted  to  the  centre,  and  the  requisite  motor 
impulse  is  transmitted  to  the  detrusor  u rinse,  and 
the  urine  would  be  discharged  were  it  not  that  the 
sphincter  vesicse  is  contracted,  and  requires  a  relaxing 
impulse  to  be  liberated.    This  impulse  may  proceed 
from  the  cord,  but  probably  ordinarily  emanates  from 
the  brain,  in  order  that  a  convenient  time  and  place 
may  be  selected ;  and  the  experiments  of  Ott  seem  to 
show  that  the  inhibitory  centre  for  the  vesico-spinal 
centre  is  situated  near  the  upper  end  of  the  crura 
cerebri.    As  soon  as  the  sphincter  is  relaxed,  the 
detrusor  acts,  aided  in  some  conditions  by  the  ab- 
dominal muscles,  and  the  urine  is  discharged.  That 
the  act  is  in  part  voluntary  is  within  the  experience 
of  everyone  ;  but  that  the  whole  nervous  mechanism, 
including  reflex  contraction  of  the  detrusor  muscles, 
s~5 
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and  the  relaxation  of  the  sphincter,  is  under  the 
control  of  the  centre  in  the  lumbar  region  of  the 
cord,  is  shown  by  an  experiment  of  Goltz,  in  which, 
the  cord  of  a  dog  being  divided  in  the  dorsal  region, 
the  application  of  a  sponge  dipped  in  cold  water  to 
the  perineum  at  stated  intervals,  led  ultimately  to  the 
discharge  of  the  urine  at  these  periods,  though  under 
ordinary  circumstances  division  of  the  spinal  cord 
leads  to  retention,  and  then  to  incontinence,  the  urine 
dribbling  away  as  fast  as  it  is  formed,  owing  to  loss  of 
tone  of  the  sphincter  muscle. 
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CHAPTER  XIIL 

MUSCULAR  MOVEMENT. 

The  movements  that  are  observed  in  the  body  are 
referable  to  one  of  three  kinds,  amoeboid  movement, 
ciliary  movement,  or  muscular  movement. 

Amoeboid  movement.  ■ —  The  amoeba  is  an 
organism  presenting  great  simplicity  of  structure,  if 
structure  it  can  be  called,  when  it  appears  only  as  a 
minute  speck  of  animal  jelly  or  protoplasm.  When 
unexcited  by  mechanical  or  other  stimulus  it  forms  a 
disk  with  irregular  outline,  in  which  slow  movements 
can,  by  careful  observation^  be  seen.  These  consist  in 
protrusions  of  one  part  of  the  mass  or  another,  which 
often  extend  to  a  considerable  distance  from  the  main 
body,  and,  after  acting  as  feelers,  are  either  again  re- 
tracted, or  draw  after  them  the  rest  of  the  body.  The 
movements  of  the  amoeba  are  most  active  at  and  about 
a  temperature  of  36°  C,  but  they  cease  or  become 
imperceptible  towards  the  freezing-pointy  and  when 
the  temperature  is  raised  as  high  as  45^  C.  The 
irritability  or  contractility  of  protoplasm  is  rendered 
evident  by  the  application  of  a  stimulus  whilst  it  is 
performing  these  slow  movements.  The  mass  then 
draws  itself  together  and  assumes  a  spheroidal  form. 
The  stimulus  may  be  mechanical,  as  by  the  contact  of 
a  needle  ;  chemical,  as  by  the  addition  of  some  salt ; 
thermal,  or  electric,  or  even  the  simple  change  from 
light  to  darkness  or  from  darkness  to  light.  In  all 
cases  it  must  be  of  a  certain  degree  of  intensity,  and 
must  be  sudden  in  its  application. 

Ciliary  movement.— The  cells  of  many  parts 
of  the  body  present  processes  of  their  protoplasm j 
*  ajLiet/3w,  to  change  place. 
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which  during  life,  and  for  some  time  after  death,  execute 
rapid  vibratory  or  lashing  movements,  the  effect  of 
which  is  to  drive  the  fluid  in  which  they  move,  with 
any  particles  that  may  be  suspended  in  it,  towards  the 
outlet  of  the  body.  The  movement  does  not  appear 
to  be  under  the  influence  of  the  nervous  system,  but  it 
is  affected  by  external  agents — moderate  heat  accele- 
rating, cold  retarding  it.  The  extent  of  motion  of  the 
individual  hairs  is  through  an  arc  of  fifty  or  sixty 
degrees,  or  occasionally  as  much  as  ninety  degrees,  and 
they  are  usually  set  in  an  inclined  position  in  regard 
to  the  cell,  bending  forwards.  The  forward  stroke 
of  the  hair  is  more  rapid  than  the  return  stroke,  and, 
when  moving  slowly,  the  movement  runs  in  the  form 
of  a  wave  along  the  hair,  like  the  undulation  of  the 
lash  of  a  whip.  In  some  instances  the  motion  resembles 
that  of  the  arm  in  circumduction.  The  rapidity  with 
which  the  strokes  succeed  each  other  is  very  great,  for 
even  when  considerably  retarded  by  chemical  agents  or 
the  approach  of  death,  they  still  may  be  as  many  as  six 
or  eight  in  the  second.  Attempts  have  been  made  to 
estimate  the  force  of  ciliary  movement,  and  it  appears 
to  be  much  greater  than  that  of  striated  muscle.  The 
weight  that  can  be  distinctly  moved,  when  covering 
a  surface  of  one  centimetre,  by  ciliary  motion  is  ac- 
cepted as  its  absolute  force,  and  it  has  been  found  that 
the  lowest  value  for  the  pharyngeal  mucous  membrane 
of  the  frog  was  3*36  grammes.  Ciliary  movement 
may  be  observed  to  occur  between  0°  C.  and  45°  C, 
and  the  most  rapid  motion  is  observed  when  the  cells 
are  exposed  to  temperatures  near  the  higher  limit.  If 
heated  beyond  this,  the  motion  begins  to  fail,  and  ulti- 
mately leaves  the  cilia  all  inclining  forwards.  Restora- 
tion of  motion  may  occur,  on  cooling,  but  at  tempera- 
ture of  about  48°  C.  the  motion  ceases  altogether  and 
permanently,  probably  from  coagulation  of  the  cell  pro- 
teids.  Short  exposure  to  the  temperature  of  melting  ice 
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temporarily  suspends  movement,  which  may,  however, 
recommence  when  the  temperature  rises,  provided  the 
cilia  have  not  been  quite  frozen.  The  presence  of 
water  is  requisite  for  ciliary  movement,  and  also  of 
oxygen,  the  motion  soon  ceasing  when  oxygen  is 
wholly  withdrawn.  Exposure  to  oxygen  under  a 
pressure  of  eight  atmospheres  or  more  arrests  the 
motion.  Ozone  always  acts  as  a  poison.  Alkalies 
and  acids  alike  prove  fatal  to  the  movement  of  cilia, 
even  in  small  doses.  Small  doses  of  ether,  alcohol, 
amyl  nitrite,  and  carbon  bisulphide  first  accelerate, 
and  then  in  somewhat  larger  doses  stop,  the  motion. 
Chloroform  arrests  it  without  a  primary  stage  of  ac- 
celeration. The  ordinary  vegetable  poisons,  veratria, 
strychnia,  atropin,  eserin,  curare,  quinine,  morphia, 
and  hydrocyanic  acid,  do  not  appear  to  be  more  in- 
jurious than  various  indifferent  substances,  if  applied 
at  the  same  degree  of  concentration. 

Moderately  strong  currents  of  electricity  act  as 
excitants,  strong  currents  or  shocks  kill  the  cells  and 
stop  the  movement.  On  theoretical  grounds  it  has 
been  supposed  that  there  must  be  in  the  substance,  or 
forming  the  substance  of  the  cilia,  serially-arranged 
particles,  which  when  at  rest  are  elongated,  and  when 
in  action  are  contracted,  and  the  movement  of  which 
takes  place  in  response  to  external  stimuli,  which  here 
act  directly  and  not  through  the  intervention  of  a 
nervous  system. 

The  object  of  the  motion  in  many  of  the  lower 
animals  is  to  sweep  aliment  into  the  mouth,  and  to 
maintain  respiration  ;  but  in  man  it  is  limited,  in 
general,  to  the  propulsion  of  mucus  and  any  particles 
of  matter,  as  dust,  the  debris  of  cells,  and  in  some 
instances  the  products  of  secretion,  towards  the  ex- 
ternal orifice  of  the  cavity  or  tube  lined  by  the  cili- 
ated cells. 

Muiscular  tissue,— The  muscles^  which  constitute 
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forty-five  per  cent,  of  the  weight  of  the  body,  are  the 
agents  by  which  the  movements  of  the  body  and  its 
members  are  effected.  There  are  two  varieties,  the 
striated  and  the  unstriated,  the  former  of  which  are 
usually,  though  not  always,  under  the  control  of  the 
will,  the  heart  being  a  notable  exception.  There  is  a 
subordinate  division  of  striated  muscles  in  some 
animals,  as  the  rabbit,  into  red  and  pale,  which  possess 
distinctive  qualities.  The  pale  muscles  are  broader, 
the  corpuscles  are  fusiform  instead  of  spheroidal, 
fewer  in  number,  and  more  deeply  placed  in  the  fibre. 
They  require  20  to  30  stimuli  per  second  instead  of  10, 
as  in  the  case  of  the  red,  to  throw  them  into  tetanus. 
They  contract  more  rapidly,  and  the  contraction  is  less 
sustained.  (For  details  of  structure,  see  chapters  viii. 
and  ix.,  Klein's  "  Histology.")  The  striated  muscles 
consist  of  fasciculi^  bound  together  into  a  mass  hy  peri- 
mysium. The  fasciculi  can  be  split  into  fibres  having 
a  length  of  about  one  and  a  half  inches  in  the  longest 
specimens,  though  only  a  fraction  of  this  in  many  of 
the  more  minute  muscles,  and  a  tolerably  uniform 
diameter  of  about  -^J^th  of  an  inch.  The  fibres, 
between  which  are  the  blood-vessels  and  nerves,  are 
cells  composed  of  a  transparent  nucleated  muscle- 
substance  enclosed  by  a  sheath  or  sarcolemma.  The 
fibres  may  be  split  either  transversely  or  longitudinally ; 
in  the  former  case  each  fibre  seems  to  be  composed  of  a 
series  of  disks,  in  the  latter  of  a  series  of  fibrils.  If 
a  fibril  be  examined,  it  is  seen  to  present  alternately 
disposed  dark  and  light  portions,  and  these  being  ar- 
ranged on  the  same  plane  in  adjoining  fibrils,  confer 
upon  the  fibre  which  they  form  its  striated  aspect. 
The  dark  particles  are  anisotropous,  or  doubly  refract- 
ing. The  isotropous,  or  bright  and  clear  bands,  are 
singly  refracting.  The  dark  particles,  with  a  small 
portion  of  clear  substance  at  either  end,  are  Bowman's 
sarcous  elements,  and  the  same  dark  particles  are  held 
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bj  Briicke  to  be  made  up  of  still  smaller  uniaxial 
crystals  named  disdiaclasts.  The  substance  of  the 
fibres  is  divided  at  regular  intervals  by  septa,  named 
Krause's  disks  or  membranes,  which  recent  investiga- 
tions seem  to  prove  are  not  continuous  sheets  of 
membrane,  but  are  composed  of  a  closely- woven  trans- 
verse network  of  fibres,  perhaps  nervous,  perhaps 
elastic,  which  is  closely  connected  with  the  muscle 
corpuscles  (Retzius,  Melland,  Marshall).  There  is  also 
a  longitudinal  network  of  fibres  with  nodes  at  the 
points  of  intersection  with  Krause's  disks.  On  this 
view  the  sarcous,  contractile,  or  proper  muscular  sub- 
stance occupies  the  interspaces  of  the  transverse  and 
longitudinal  fibres. 

Unstriated  muscle,  sometimes  called  smooth 
muscle,  forms  an  important  part  of  the  walls  of  the 
blood-vessels,  alimentary  canal,  and  geni to-urinary 
apparatus.  It  consists  of  bands  which,  by  appropriate 
means,  can  be  separated  into  long  fusiform  nucleated 
cells.  The  colour  of  unstriated  muscles  is  paler  than 
that  of  striated,  but  they  are  fairly  well  supplied  with 
blood-vessels,  and  abundantly  with  lymphatics,  both  of 
which  present  oblong  meshes. 

Ctieiiiical  characters  of  muscle. — The  re- 
action of  muscle  is  alkaline.  The  sarcolemma  resembles 
elastic  tissue,  being  unacted  on  by  acetic  acid,  and  re- 
sisting long  boiling  in  water.  It  differs  from  elastin 
in  being  slowly  dissolved  when  heated  in  dilute  solu- 
tions of  acids  and  alkalies.  It  is  slowly  acted  on  by 
the  gastric  and  pancreatic  ferments. 

Muscle  plasma.— The  isotropoiiSy  or  light  sub- 
stance of  muscle,  can  be  obtained  by  pressure  at  0°  C. 
from  the  perfectly  fresh  muscles  of  frogs,  thoroughly 
freed  from  blood  by  injection  ;  it  contains  a  body  named 
myosinogen,  as  well  as  myoalbumin,  and  myoglobulin. 
It  is  a  fluid  of  syrupy  consistence,  with  faint  alkaline 
reaction,  which  coagulates  like  blood  plasma.  The 
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coagulated  substance  is  a  globulin  named  myosin^ 
the  ferment  converting  the  myosinogen  into  myosin 
being  the  myoalbumin.  It  forms  and  coagulates 
slowly  at  0°  C,  but  instantaneously  at  40°  C.  Pure 
myosin  is  obtained  by  dropping  muscle  plasma  into 
distilled  water,  when  it  coagulates  in  the  form  of  little 
balls.  It  is  a  neutral  substance,  insoluble  in  distilled 
water,  but  soluble  in  water  containing  between  five 
and  ten  per  cent,  of  NaCl.  It  decomposes  peroxide  of 
hydrogen.  If  myosin  be  dissolved  in  saline  solution, 
it  appears  to  be  reconverted  into  myosinogen,  as  a  clot 
can  be  obtained  by  diluting  the  mixture  ;  but  in  this 
case  the  muscle  serum  contains  no  proteids. 

Muscle  gerum  is  the  liquid  which  remains  after 
the  separation  of  the  spontaneously  coagulating  sub- 
stance from  muscle  plasma.  It  is  alkaline,  and  contains 
several  proteids  in  solution,  namely,  casein,  serum- 
albumin,  and  an  albumin  coagulating  at  forty-five 
degrees  C. 

€olourin§:  matter  of  musefle. — The  red  colour 
of  muscle  is  due  either  to  the  presence  of  a  special 
colouring  matter,  histo-hcematin  or  inyohcematin 
(McMunn),  which  is  in  combination  with  the  plasma 
and  not  with  the  dark  substance,  or  it  is  hcemo- 
chromogen,  a  derivative  of  hmmoglohin  (Levy,  Hoppe 
Seyler).  The  presence  of  myohsematin  in  the  muscle 
may  be  shown  by  holding  a  thin  section  before  the  slit 
of  the  spectroscope  after  all  blood  has  been  removed 
by  washing  out  the  vessels  with  weak  solution  of  salt. 

When  muscle  is  treated  with  cold  water,  the  whole 
of  the  constituents  of  the  muscle  serum  are  dissolved, 
and  perhaps  some  of  the  anisotropous  substance.  The 
fluid  is  found  to  contain  the  nitrogenous  compounds, 
kreatin,  kreatinin,  carnin,  xanthin,  hypoxanthin,  and 
urea. 

Mon-nitrog^enoiis  constituents  of  mnscSe. — 

These  are  fats,  glycogen,  and  inosite,  with  the  volatile 
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fatty  acids  and  paralactic  acid.  The  quantity  of  gly- 
cogen is  about  0*5  per  cent.  Inosite,  CgHj^^Og  +  2H2O, 
is  a  non-fermentable  sugar  crystallising  in  large  colour- 
less monoclinic  tables.  It  does  not  reduce  Fehling's 
solution^  but  colours  it  green.  It  is  most  abundant  in 
the  constantly  working  muscle  of  the  heart.  Muscle 
contains  a  trace  of  pepsin,  and  probably  also  of  a 
diastatic  ferment  which  has  not  been  isolated.  The 
proportion  of  water  in  muscle  is  about  seventy-five 
per  cent.  The  organic  matters,  chiefly  albuminous, 
are  about  twenty  per  cent.,  and  the  salts  make  up  the 
remainder,  the  phosphates  and  potassium  salts  being 
particularly  abundant.  There  are  about  six  times 
more  salts  of  potassium  by  weight  than  of  sodium. 

Healthy  muscle  during  life,  even  when  at  perfect 
rest,  abstracts  oxygen  from  the  blood  passing  through 
it^  in  addition  to  the  materials  required  for  its  nutrition, 
and  gives  off  carbonic  acid,  though  in  less  quantity 
than  the  oxygen  absorbed.  Even  after  death,  or  in 
excised  muscle,  0  is  taken  up  and  COg  eliminated. 
The  exchange  of  gases  is  greatly  augmented  during 
contraction. 

Properties  of  muscular  tissue. — The  most 
important  properties  of  muscular  tissue  are  extensi- 
bility, elasticity,  and  contractility.  The  extensibility 
of  muscle  is  the  elongation  it  undergoes  when  it  is 
stretched  by  a  weight.  The  elasticity  is  the  power  of 
recoil  which  muscle  possesses  when  it  is  either  elon- 
gated or  compressed.  The  contractility  of  muscle  is 
the  power  it  possesses  of  shortening  when  stimulated 
either  directly  or  through  the  nerves. 

flxtensil>ility  of  muscle. — This  is  difficult  to 
determine,  but  Donders  has  endeavoured  to  estimate  it 
by  ^supporting  the  fore-arm  at  the  elbow,  when  at  right 
angles  to  the  upper  arm,  and  then  suspending  a  weight 
from  the  wrist,  and,  after  allowing  it  to  act  for  ten 
seconds,  suddenly  snipping  the  thread  that  attached 
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it.  The  result  obtained  was  that  the  elongfation  was 
precisely  proportioned  to  the  weight.  The  extensi- 
bility of  muscle  is  essential  to  the  movements  of  the 
bones,  for  since  the  bones  are  surrounded  by  muscles  on 
all  sides,  if  these  were  rigid  no  movement  could  occur ; 
but  as  it  is,  when  one  set  of  muscles  contracts  and 
draws  the  bone  with  them,  their  antagonists  yield  to 
a  corresponding  extent. 

Elasticity  of  muscle.  —  The  elasticity  of 
muscles  is  small,  but  perfect.  That  is  to  say,  a  very 
small  weight  will  extend  a  muscle  ;  but  when  that 
weight  is  removed,  it  returns  exactly  to  its  original 
dimensions.  The  elongation  of  a  muscle  is  not  in 
exact  proportion  to  the  weight  extending  it ;  but, 
according  to  Wertheim,  the  elongation  diminishes,  at 
first  quickly,  and  then  more  slowly,  in  proportion 
as  the  weight  increases';  and  the  curve  of  muscular 
elasticity,  instead  of  being  nearly  straight,  resembles 
an  hyperbole.  The  limit  of  elasticity  of  a  muscle  is 
soon  reached,  so  that  the  gastrocnemius  of  a  frog  ex- 
tended by  a  weight  of  100  grms.  will  no  longer  return 
to  its  original  length.  Yet  the  cohesion  of  the  same 
muscle  is  sufficient  to  resist  a  weight  of  about  250 
grms.,  even  after  death  ;  whilst  during  life  the  break- 
ing-strain is  about  a  kilogramme,  or  1^000  grms.  The 
importance  of  the  elasticity  of  muscle  is  considerable, 
for  it  is  due  to  this  alone  that,  notwithstanding  the 
distance  between  its  points  of  attachment  may  be  con- 
siderable, it  is  sufficiently  tense  to  prevent  time  being 
lost  before  contraction  occurs.  Moreover,  it  permits 
the  muscle,  when  brought  into  sudden  action,  to  act 
smoothly  and  uniformly,  without  danger  of  tearing. 
That  the  muscles  of  the  body  are  always  in  a  state  of 
slight  tension  is  shown  by  the  retraction  of  the  ends 
of  a  divided  tendon. 

Contractility  of  muscle. — This  is  the  property 
which  muscular  tissue  possesses  of  shortening  when 
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stimulated.  The  question  was  formerly  much  discussed 
whether  the  contraction  is  due  to  a  vis  insita,  as  Haller 
termed  it,  or  property  of  the  muscle  itself,  or  whether 
it  is  due  to  the  action  of  the  nervous  system.  But 
such  a  discussion  has  long  since  been  recognised  as 
unprofitable.  The  nervous  and  muscular  systems  are 
in  reality  fused  together,  and  in  some  of  the  lower 
animals  one  part  of  a  cell  may  be  nervous  and  another 
muscular.  And  although  the  contraction  of  muscle 
ordinarily  takes  place  in  consequence  of  an  impulse 
propagated  from  the  nervous  system,  there  can  be 
little  doubt  that  if  the  nerve  tissue  could  be  entirely 
removed  from  a  muscle,  it  would  still  contract  on  the 
direct  application  of  a  stimulus  to  it.  There  are, 
indeed,  instances  of  muscular  tissue  (such,  for  example, 
as  the  foetal  heart  and  the  allantois),  which  contract 
rhythmically,  notwithstanding  that  there  is  a  complete 
absence  of  any  differentiated  nervous  system ;  and 
in  curare  a  drug  is  known  which  is  capable  of  para- 
lysing the  extremities  of  the  motor  nerves^  whilst  the 
muscles  still  remain  capable  of  responding  to  direct 
stimulation.  Further  evidence  of  the  irritability  of  the 
muscles  being  a  property  of  the  tissue  itself,  and  not 
dependent  on  the  nerves,  is  derived  from  the  fact  that 
after  section  of  a  motor  nerve  the  peripheral  portion 
of  the  nerve  degenerates  and  ceases  to  respond  to 
stimuli,  whilst  the  muscle  long  preserves  its  contrac- 
tility. And,  again,  muscle  and  nerve  are  differently 
acted  on  by  ammonia,  for  a  nerve  dissected  out  for 
some  distance  above  its  entrance  into  a  muscle,  and 
dipped  in  a  solution  of  ammonia,  provokes  no  con- 
traction in  the  muscle  to  which  it  is  distributed ;  but 
if  ammonia  be  allowed  to  act  on  muscle,  immediate 
contraction  results. 

The  irritability  or  contractility  of  both  striated  and 
unstriated  muscle  is  rendered  much  feebler  by  exposure 
to  cold,  but  is  at  the  same  time  much  longer  preserved. 
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Thus  the  gastrocnemius  of  a  frog  in  winter,  when 
detached  from  the  body  of  the  animal,  and  exposed, 
with  some  precautions  against  drying,  to  a  temperature 
a  little  above  the  melting-point  of  ice,  will  preserve  its 
contractility  and  alkaline  reaction  for  as  long  a  period 
as  ten  days,  whilst  in  summer  the  muscle  may  cease  to 
respond  to  a  stimulus  within  twenty- four  hours.  The 
same  holds  good  of  the  heart  of  a  frog,  which  will 
sometimes,  in  winter,  continue  to  contract  rhythmically 
after  removal  from  the  body  for  nearly  a  week,  whilst 
in  summer  it  ceases  to  beat  in  a  few  hours.  This  effect 
of  cold  is  also  observed  in  the  muscles  of  the  higher 
animals,  though  the  time  is  relatively  much  shorter. 
In  man  the  muscles  lose  their  irritability  after  sudden 
death,  as  by  hanging,  very  quickly,  no  trace  being 
observable  after  the  lapse  of  from  three  to  seven  hours. 
In  some  cases  of  disease  it  lasts  longer  ;  and  a  case  is 
on  record  in  which,  the  cause  of  death  being  aneurism 
of  the  heart,  the  muscles  retained  slight  irritability  for 
twenty-seven  hours  after  life  was  extinct.  The  muscles 
of  the  new-born  child  lose  their  irritability  sooner  than 
those  of  the  adult,  providing  the  two  are  maintained 
at  an  equal  temperature ;  but  the  body  of  the  infant, 
being  of  smaller  size,  loses  its  heat,  if  no  precautions 
are  taken  to  prevent  it,  more  rapidly  than  that  of  the 
adult,  and  the  muscles  may  hence  appear,  deceptively, 
to  retain  their  irritability  longer. 

The  order  in  which  the  several  muscles  of  man 
lose  their  contractility  is  :  first,  the  left  ventricle,  which 
ceases  to  respond  to  any  stimulus  about  three-quarters 
of  an  hour  after  death ;  then  the  large  intestine,  then 
the  small  intestine  ;  and,  after  a  few  more  minutes, 
the  stomach,  the  urinary  bladder  ;  and,  about  an  hour 
after  death,  the  right  ventricle ;  about  one  hour  and 
a  half  after  death  the  oesophagus;  the  iris  ten  minutes 
later,  and  then  the  muscles  of  animal  life,  those  of 
the  trunk  losing  it  before  the  members,  and  those  of 
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the  legs  before  tlie  arms.  The  right  auricle,  which 
Haller  rightly  designated  the  primum  movens  and 
^^ultimum  moriens,"  retains  its  irritability  the  longest. 

Rig-or  mortis.— Immediately  after  death  the 
irritability  of  muscular  tissue  increases,  but  it  soon 
begins  to  diminish,  and  as  soon  as  all  traces  of  irrita- 
bility have  died  out  rigor  mortis  commences.  In  this 
state  the  muscles  become  hard  and  stiff,  presenting 
many  of  the  characters  of  contraction.  It  appears  to 
be  of  invariable  occurrence.  The  instances  in  which 
it  has  been  considered  to  be  absent  (as  after  death  in 
hunted  animals,  in  asphyxia^  and  in  death  by  lightning) 
have  probably  been  cases  where  it  has  occurred  very 
early  or  late,  and  has  been  overlooked.  This  is  in 
accordance  with  Brown-Sequard's  observation  that 
animals  subjected  to  electric  shocks  before  being 
killed,  pass  into  rigor  mortis  rapidly  in  proportion  to 
the  violence  of  the  shocks  ;  the  duration  of  the  rigor 
being  also  shorter  in  proportion  to  the  rapidity  of 
the  supervention  of  the  rigor.  In  cases  of  gunshot 
wound  of  the  cerebellum  it  has  succeeded  spasm  of  all 
the  muscles  so  quickly  that  the  body  has  kept  the 
kneeling  or  sitting  position  it  occupied  at  the  moment 
of  death.  Rigor  mortis  commences  in  the  muscles  of 
the  jaws,  then  occurs  in  those  of  the  neck  and  trunk, 
and,  generally,  in  those  of  the  lower  limbs  before  those 
of  the  upper,  but  occasionally  the  latter  stiffen  first. 
From  observations  made  on  a  considerable  number 
of  subjects,  Niderkorn  has  constructed  the  following 
table,  which  shows  the  time  when  the  rigor  mortis 
was  complete  : — 


Eleventh  hour  after  death 

1 

Second 

2 

Thirteenth,,  „ 

2 

Ninth  „ 

4 

Eighth 

7 

Tenth        „       „  „ 

7 

Seventh  hour  after  death 

11 

Third 

U 

Fifth 

U 

Sixth 

20 

Fourth 

31 

Total  113 
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So  that  as  a  rule  the  rigidity  of  the  body  is  complete 
from  four  to  six  hours  after  death.  It  usually  sets  in 
more  rapidly  when  the  body  preserves  more  heat  than 
usual,  hence  it  is  early  in  its  appearance  in  those  who 
meet  with  sudden  death.  And  Brown-Sequard  records 
a  case  in  which  rigor  mortis  was  established  in  the 
jaws  several  minutes  before  the  heart  ceased  to  beat. 
On  the  contrary,  cold  retards  its  appearance. 

Section  of  the  sciatic  nerve  causes  the  muscles  of 
the  lower  limbs  to  stiffen  more  slowly  than  when  the 
nerve  is  uninjured.  Paralysed  limbs  are  earlier  affected 
than  the  opposite  sound  ones,  perhaps  because  the 
healthy  nerves  maintain  some  degree  of  tonicity  and 
chemical  activity.  The  injection  of  defibrinated  arterial 
blood  has  been  found  to  render  the  muscles  once  more 
supple  after  they  have  commenced  to  pass  into  the 
state  of  rigor  mortis,  but  venous  blood  is  inoperative. 

The  cause  of  rigor  mortis  is  believed  to  be  the 
coagulation  of  the  myosin,  and  it  is  remarkable  that 
the  injection  into  the  vessels  of  a  rigid  limb  of  a  ten 
per  cent,  solution  of  common  salt,  which  is  known  to 
dissolve  myosin,  restores  the  limb  to  its  original  con- 
dition of  suppleness.  Muscle  in  the  condition  of  rigor 
mortis  is  shorter,  thicker,  and  of  firmer  consistence  than 
before,  resisting  pressure  and  any  attempt  to  elongate 
it  better.  It  ruptures  with  less  facility.  The  mus- 
cular current  of  electricity  disappears  or  is  reversed. 
CO3  is  liberated  more  freely  even  than  during  con- 
traction, and  heat  is  liberated.  Its  reaction  changes 
from  the  alkaline  reaction  of  healthy  living  muscle 
to  acid,  which  is  attributed  to  the  presence  either  of 
sarcolactic  acid,  which  is  an  isomeric  modification  of 
lactic  acid,  or  to  that  of  glycerin-phosphoric  acid,  or 
of  both.  Muscle  may,  however,  still  be  alkaline  when 
rigor  mortis  is  established.  The  attitude  assumed  by 
the  body  in  rigor  mortis  is  characteristic,  and  depends 
on  the  antagonism  of  the  flexors  and  extensors.  Thus 
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the  thumb  is  turned  inwards  to  the  palm,  and  covered 
by  the  fingers,  the  jaws  are  firmly  closed,  the  eyes  are 
wide  open,  the  head  and  neck  bent  backwards,  the 
arm  is  in  a  state  of  semiflexion,  the  belly  is  excavated, 
and  the  lower  limb  is  either  semiflexed  or  the  foot  is 
extended. 

Stensoii's  experiment. — The  muscles  can  be 
thrown  into  a  state  resembling  or  identical  with  rigor 
mortis  by  arrest  of  the  supply  of  blood,  a  fact  origi- 
nally noticed  by  Stenson,  The  first  effect  of  the  liga- 
ture of  a  vessel  passing  directly  to  a  muscle  is^  that 
its  irritability  is  increased ;  it  then  rapidly  lessens,  and 
finally  the  muscle  passes  into  a  condition  of  stiffness. 
In  the  earlier  period  of  the  action  the  muscle  is 
capable  of  completely  recovering  itself  after  removal 
of  the  ligature  from  the  vessel,  but  in  the  later  stage 
the  muscular  rigidity  is  permanent. 

Heat  rigor. — The  muscles  of  mammals  pass  into 
a  state  of  rigor  at  a  temperature  of  48°  to  50°  C,  those 
of  frogs  at  40°  C,  and  those  of  birds  about  the  tempera 
ture  of  48°  to  50°  C. 

Water  rig-or. — The  exposure  of  muscle  to  the 
action  of  distilled  water  induces  a  condition  of  rigor, 
and  even  ordinary  sea-water  acts  in  the  same  way^  as 
is  seen  in  the  crimping  of  cod. 

Acid  rigor. — The  injection  of  one  part  of  lactic 
or  hydrochloric  acid  into  the  muscles  of  frogs  produces 
rapid  stiffening. 

Idiomii^cular  contraction.^ — When  a  muscle 
is  nearly  exhausted,  and  a  direct  stimulus  is  applied  to 
it,  a  swelling  or  local  contraction  is  often  observed, 
which  is  slowly  propagated  in  the  form  of  a  wave  from 
the  point  stimulated  to  both  extremities.  It  may  be 
observed  even  during  life,  the  most  favourable  situation 
being  the  pectoralis  major  of  patients  affected  with 
phthisis  or  other  wasting  disease,  in  whom  there  is 
little  subcutaneous  fat.    In  such  patients  a  smart  tap 
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raises  a  swelling  which  may  be  seen  to  extend  over  the 
whole  length  of  the  muscle  at  the  rate  of  about  18  in. 
per  second.  Akin  fco  idiomuscular  contraction  is  the 
^'  fibrillar  contraction/'  or  quivering  of  various  facial 
muscles,  which  is  often  experienced  in  enfeebled  states 
of  health,  and  may  sometimes  be  seen  in  the  strongly 
developed  gastrocnemii.  The  same  occurs  in  the  muscles 
of  the  tongue  after  section  of  the  hypoglossal  nerve. 

Tonicity  of  muscle. — By  tonicity  is  meant  that 
property  of  muscles  by  which  they  preserve  a  certain 
degree  of  firmness  and  slight  contraction,  which  is 
best  seen  in  the  sphincters.  It  appears  to  be  under 
the  influence  of  the  nervous  system,  since  it  is  lost  as 
soon  as  the  nerve  distributed  to  a  muscle  is  divided, 
the  muscle  immediately  becoming  flaccid  and  relaxed. 
It  fulfils  the  important  purposes  of  aiding  the  elasticity 
in  preventing  any  loss  of  time  in  the  execution  of 
movements  when  muscle  is  called  into  play,  and  of 
rendering  smooth  and  uniform  the  movements  of  the 
limbs  by  antagonising  the  contraction  of  the  opposing 
muscles.  It  also  serves  to  maintain  the  surfaces  of 
joints  in  a  state  of  coaptation.  It  passes,  by  insensible 
degrees,  into  those  pathological  conditions  that  are 
seen  in  contractures  of  the  muscles  in  paralysis,  and 
which  are  usually  associated  with  organic  changes  in 
the  muscle  itself. 

Muscle  stimuli. —  (1)  Nervous  impulse. — This, 
the  normal  stimulus  of  muscle,  may  be  propaga^ted 
to  it  through  a  motor  nerve  from  one  of  the  higher 
intellectual  centres,  when  it  is  termed  automatic  or 
voluntary ;  or  from  some  other  centre,  when  it  is 
usually  of  a  reflex  nature.  It  diflfers  from  most  other 
stimuli  in  bringing  aZrthe  fibres  of  the  muscle  into 
action  simultaneously. 

(2)  Mechanical  stimuli. — A  sudden  blow  or  prick 
of  a  muscle  excites  a  contraction,  and  if  the  shocks 
be  sufficiently  frequently  repeated,  tetanus  is  induced. 
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(3)  Thermal  stimuli. — If  the  muscles  of  a  frog  be 
exposed  suddenly  to  a  temperature  of  28°  C,  they 
gradually  shorten,  the  contraction  becoming  suddenly 
strongly  marked  at  30°  C,  and  attaining  its  maximum 
at  45°  C,  at  which  temperature  it  easily  passes  into 
heat  rigor.  There  is  a  difference  between  the  smooth 
muscles  of  mammals  and  the  striated  muscles  in  their 
relation  to  warmth,  for  heat  causes  contraction  of  the 
latter  and  relaxation  of  the  former.  Striated  muscle 
of  the  frog,  cooled  down  to  the  melting-point  of  ice, 
is  rendered  very  excitable,  and  if  it  be  then  sub- 
jected to  lower  grades  of  cold  still,  it  is  stimulated  to 
contract.  The  muscles  of  animals  that  have  been 
artificially  cooled  preserve  their  excitability  many 
hours  after  death. 

(4)  Chemical  stimuli. — Such  are  the  mineral  acids 
which  act  promptly  upon  muscle  even  in  the  dilute 
state,  though  they  require  to  be  rather  concentrated 
to  affect  nerve.  Lactic  acid  and  glycerin  are  said  to 
act  on  muscle  only  in  the  diluted  state,  and  on  nerve 
only  when  concentrated.  Neutral  alkaline  salts  act 
equally  on  nerve  and  muscle,  and  upon  both  with  much 
energy,  whilst  alcohol  and  ether  act  upon  both  com- 
paratively feebly. 

(5)  Electric  stimuli. — ^These  will  be  considered 
under  the  head  of  nerve ;  but  it  may  be  remarked 
that  an  electric  current  passed  transversely  across 
a  muscle  is  a  much  less  powerful  stimulus  than 
when  made  to  transmit  it  in  the  direction  of  its 
length. 

None  of  the  above-mentioned  stimuli  excite  con- 
traction in  a  muscle  if  their  intensity  is  very  gradually 
and  slowly  increased  or  diminished.  It  is  necessary 
that  the  change  should  be  sudden.  Thus,  whilst  sud- 
den exposure  to  a  high  or  to  a  low  temperature  induces 
contraction,  no  effect  is  produced  if  the  temperature 
is  gradually  raised  or  diminished.    So,  too,  when  a 
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constant  electric  current  is  made  to  traverse  a  muscle, 
contraction  only  takes  place  at  the  moment  of  making 
or  breaking  contact.  No  contraction  occurs  whilst  a 
constant  current  of  uniform  intensity,  however  strong, 
is  passing  along  the  muscle. 

Phenomena  of  contraction. — (1)  When  ex- 
amined with  the  naked  eye  muscle  is  seen,  in  the  act 
of  contraction,  to  become  shorter  and  correspondingly 
thicker.  It  is  not  difficult  to  show  that  there  is  but 
little  chajige  in  volume,  and  that  the  loss  in  length  is 
almost  entirely  compensated  for  by  a  gain  in  thickness ; 
for  if  a  portion  of  the  body  of  ah  eel  be  placed  in  a 
vessel,  the  stopper  of  which  is  drawn  out  so  as  to  form 
a  narrow  neck,  and  which  is  filled  with  water,  if  the 
muscles  be  made  to  contract  by  some  stimulus,  and 
there  were  either  increase  or  diminution  of  absolute 
size,  the  water  would  rise  or  fall  in  the  capillary  neck, 
but  the  most  exact  researches  show  that  the  variation 
in  the  level  of  the  vessel  is  almost  inappreciable,  and 
that  if  there  be  any  change  during  contraction  it  is 
glight  diminution,  which  certainly  does  not  exceed 
^-^^th  of  the  total  volume  of  the  muscle. 


The  maximum  contraction  of  a  muscle  in  a  single 
contraction  is  about  ^th  of  its  length,  but  in  tetanus 
it  may  shorten  as  much  as  ^rd  of  its  total  length. 

(2)  Under  the  microscope  the  distinction  between 
the  isotropous  and  the  anisotropous  substance  becomes 
in  the  first  instance  obscured,  so  that  the  whole  con- 
tents of  one  of  the  compartments  of  Krause  presents 
a  uniformly  dim  aspect ;  but  when  the  contraction  is 
more  advanced  or  complete,  the  central  transverse  dark 
band  becomes  lighter,  and  the  terminal  portions  of  the 
compartment  darker,  so  that  the  dark  anisotropous 
bands  which  seem  to  be  the  really  active  portion  of 
the  muscle  appear  to  advance  upon  and  absorb  the 
clear  isotropous  bands,  which  are  more  watery,  and  in 
closer  relation  with  the  terminations  of  the  nerves. 
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(3)  Certain  chemical  changes  take  place  in  muscle 
during  contraction,  the  most  important  of  which  are 
that  four  or  five  times  more  oxygen  is  used  up,  and 
more  COg  is  produced,  whilst  the  venous  blood  re- 
turning from  muscle  contains  more  COj,  and  more  COg 
is  eliminated  by  the  lungs.  The  muscles  become  more 
watery.  The  components  soluble  in  cold  water 
diminish,  those  in  alcohol  increase.  The  amount  of 
glycogen  diminishes.  Acids  are  developed,  especially 
a  form  of  lactic  acid  named  sarcolactic  acid,  which  is 
probably  derived  from  glycogen  or  from  inosite  ; 
glycerin-phosphoric  acid  and  carbonic  acid,  and  the 
reaction  of  muscle  becomes  acid. 

(4)  A  sound  is  emitted  during  the  contraction  of 
muscle  which  may  be  heard  when  a  muscle  is  made  to 
contract,  either  by  the  influence  of  the  will  or  by  any 
external  stimulus.  It  is  audible  when  the  masseter 
muscles  are  strongly  contracted,  and  also  when  the 
muscles  of  the  thumb  are  contracted  and  the  little 
finger  is  inserted  into  the  ear.  The  number  of  vibra- 
tions is  19*5  per  sec,  but  it  is  not  this  deep  note  that 
is  heard,  but  the  first  octave,  overtone,  or  harmonic 
above  it,  having  39  vibrations  per  second.  On  throwing 
a  muscle  into  continuous  spasmodic  contraction  by  the 
action  of  an  induced  current,  the  vibrations,  and  con- 
sequently the  pitch  of  the  sound,  agree  with  the 
frequency  of  the  shocks  of  the  induction  apparatus. 

(5)  The  temperature  rises.  In  the  muscles  of  a 
frog  tetanised  for  a  few  minutes  a  rise  of  temperature 
amounting  to  about  0  16°  C.  has  been  observed.  In  a 
single  contraction  its  rise  was  from  0  OOP  to  0  005°  C. 

The  increase  of  temperature  that  takes  place 
throughout  the  whole  body  as  the  result  of  exercise  is 
essentially  due  to  muscular  action.  During  repose  of 
the  body  much  less  heat  is  generated.  Hence  the 
liability  to  chills  and  colds  when  sitting  in  a  draught, 
from  which  the  system  is  quite  protected  during 
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exercise.  Less  heat  is  generated  during  sleep  than 
in  the  waking  state,  because  the  muscular  system 
is  then  in  repose.  Hence  the  necessity  for  additional 
clothing  during  this  period.  In  animals  rendered  mo- 
tionless by  curare  death  occurs  in  great  measure  from 
loss  of  heat.  It  seems  natural  that  more  heat  should 
be  disengaged  when  the  muscles  perform  no  work 
than  when  work  is  done  by  their  contraction,  but,  ac- 
cording to  Heidenhain,  muscle  in  contracting  so  that  it 
does  work,  as,  for  example,  lifts  a  weight,  gives  out  an 
amount  of  heat  which,  within  certain  limits,  increases 
with  the  amount  of  work  done.  In  tetanus,  where  no 
work  is  done,  the  more  the  muscle  is  stretched  or 
weighted,  the  more  heat,  within  certain  limits,  it  dis- 
engages. In  both  cases  the  energy  that  the  muscles 
develop  increases  with  the  tension  of  the  muscle.  It  is 
correct,  then,  to  say  that  muscle  stimulated  and  pre- 
vented from  shortening,  or  doing  work,  generates 
more  heat  than  if  it  can  do  work  ;  but  it  is  incorrect 
to  say  that  the  greater  the  amount  of  work  done  the 
less  is  the  quantity  of  heat  that  is  disengaged. 

(6)  During  contraction  the  normal  electrical 
current  of  muscle  diminishes  in  strength,  and  even 
becomes  reversed,  constituting  the  negative  variation 
of  Dubois  Reymond. 

(7)  In  contraction  the  elasticity  of  muscle  dimi- 
nishes, that  is,  it  yields  to  a  greater  extent  with  the 
same  weight  in  the  contracted  as  compared  with  the 
uncontracted  state.  This  circumstance  affords  an 
explanation  of  the  "  Paradox  of  Weber,"  namely,  that 
a  muscle  in  repose,  and  heavily  weighted,  will,  when 
strongly  stimulated,  become  longer  than  in  the 
quiescent  state,  instead  of  shortening. 

Wave  of  muscular  contraction. — When  a 
stimulus  is  applied  to  the  nerve  supplying  a  muscle  of 
sufficient  strength  to  excite  contraction,  the  fusion  of 
the  two  tissues  is  so  complete  that  the  whole  of  the 
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muscle  is  made  to  contract,  strongly  or  weakly,  as  the 
case  may  be,  but  still  simultaneously ;  and  the  same 
occurs  if  a  current  of  electricity  be  passed  from  one 
extremity  of  the  muscle  to  the  other,  so  as  to  travel 
through  the  whole  length  of  the  muscle ;  but  if  the 
current  be  applied  to  one  extremity  only^  it  can 
readily  be  shown,  by  the  graphic  method  and  the 
attachment  of  a  succession  of  levers  or  tambours  to  it 
in  the  direction  of  its  length,  that  the  contraction 
travels  as  a  wave  with  considerable  speed  from  end 
to  end.  In  the  gastrocnemius  of  a  frog  the  rapidity 
with  which  the  wave  travels  has  been  determined 
to  be  from  4  to  5  metres  per  second,  whilst  in  the 
arm  muscles  of  man  it  is  from  10  to  13  metres  per 
second. 

The  most  rapid  movements  that  can  be  executed 
by  muscles  under  the  influence  of  the  will,  as  in 
writing,  elocution,  or  in  musical  performances,  do  not 
exceed  ten  or  twelve  contractions  per  second. 

A  sing^le  muscular  contraction. — There  is  no 
short  term  in  English  to  designate  the  sudden,  short, 
and  transient  shortening  which  is  termed  by  the 
French  a  secousse,  or  shock,  and  by  the  Germans  a 
zuckung,  or  convulsion.  It  is  the  response  of  the 
muscle  to  a  single  stimulus,  and  much  interest  is 
attached  to  a  tracing  taken  of  it  with  a  myographion.* 
Such  a  tracing  is  shown  in  the  adjoining  cut  (Fig.  25). 

It  will  be  seen  that  there  are  four  lines.  The 
lowermost,  s,  exhibits  at  i  an  abrupt  descent  which 
indicates  the  moment  at  which  the  shock  was  applied. 
The  next  undulating  line,  D,  represents  the  vibrations  of 
a  tuning-fork,  each  double  vibration  of  which  occupied 
yi^th  of  a  second,  and  consequently  constitutes  a  re- 
liable and  perfectly  uniform  measure  of  time.  The 
straight  line  L  is  the  basal  line,  and  is  made  by  the 
style  or  brush  attached  to  the  muscle  on  the  cylinder 
*  See  companion  volume  on  "Physiological  Physics.** 
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when  this  is  revolving  and  the  muscle  is  at  rest.  The 
line  aa'hb  is  the  tracing  of  the  muscle  curve.  It  is 
divisible  into  three  parts  :  (1)  The  latent  period,  a'a  ; 
(2)  the  period  of  ascent,  A — h  ;  (3)  the  period  of 
descent,  H — B. 

The  latent  period. — Careful  examination  and 
comparison  of  time  by  means  of  the  undulating  line 
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Fig.  25.— Tracing  of  a  Single  Muscular  Contraction  or  Shock  of  the 
Muscle  o£  a  Frog. 

B,  Line  showing  at  i,  the  point  where  it  descends,  the  instant  at  which  the  stim- 
ulus of  the  electric  shock  was  applied  to  the  muscle  ;  n,  tracing  of  the 
vibrations  of  a  tuning-fork  vibrating  100  times  per  second  ;  l,  basal  line  of 
muscle  at  rest ;  a'a.  latent  period  of  contraction ;  ah,  period  of  contrac- 
tion ;  HB,  period  of  relaxation. 

D  renders  it  evident  that  the  point  A,  at  which  the 
muscle  begins  to  contract,  and  the  curve  to  spring 
from  the  basal  line,  does  not  correspond  with  the 
point  a'  or  i,  which  represents  the  moment  at  which 
the  shock  was  applied,  but  that  a  short  interval  a'a 
intervened.  This  is  the  latent  period.  It  lasts  less 
than  half  a  complete  vibration  of  the  tuning-fork 
vibrating  one  hundred  times  in  a  second,  and  is 
therefore  about  of  a  second  in  duration.  During 
this  period  the  muscle  seems  to  be  gathering  itself 
together  for  the  effort  it  is  about  to  make,  and  we 
may  suppose  that  some  chemical  change  is  taking 
place  by  which  the  liberation  of  muscular  force  is 
effected ;  and  it  is  found  that  whatever  tends  to 
promote  or  facilitate  chemical  change  tends  to  shorten 
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the  latent  period,  whilst  all  that  acts  prejudicially  to 
chemical  action,  and  impedes  it,  tends  to  lengthen  it. 
Thus  the  latent  period  is  shorter  in  muscles  that 
are  slightly  extended  by  a  weight  than  in  those  that 
are  absolutely  quiescent,  for  in  the  latter  case  the 
chemical  changes  are  at  their  lowest  and  have  to  be 
started,  whilst  in  muscles  doing  a  little  work  the 
changes  are  already  in  progress  and  are  easily  ren- 
dered more  active.  Again,  the  latent  period  is  shorter 
at  a  moderately  high  than  at  a  low  temperature, 
and  hence  it  is  shorter  in  summer  than  in  winter  frogs. 
Again,  it  is  shorter  in  mammals  than  in  frogs ;  shorter 
when  a  powerful  electric  shock  is  applied  than  when 
it  is  feeble  j  shorter  when  the  muscle  is  fresh  than 
when  it  is  exhausted  by  exercise,  and,  above  all, 
shorter  when  it  still  forms  part  of  the  body  of  the 
animal  than  after  its  removal  and  manipulation.  An 
additional  argument  is  found  in  the  circumstance  that 
if  a  very  feeble  shock  be  applied  to  a  muscle,  a  shock 
so  feeble  as  to  be  insufficient  to  cause  it  to  contract, 
the  application  of  a  second  shock  instantly  induces 
contraction,  the  latent  period  almost  disappearing. 
It  seems  probable  in  such  case  that  the  muscle  is 
prepared  for  the  effort  by  the  shock  first  applied.  The 
latent  period  is  shortened  by  certain  drugs,  such  as 
strychnia  and  veratria.  In  mammals  it  is  very  short, 
and  is  believed  to  oscillate  about  0  008  sec,  or  even 
less.  According  to  recent  researches,  a  very  heavy 
weight  appended  to  a  muscle  prolongs  the  latent 
period,  and  it  is  prolonged  by  curare. 

Period  of  ascent* — The  ascending  portion  of 
the  line  representing  the  muscle  curv^  corresponds 
with  the  contraction  or  shortening  of  the  muscle. 
The  rise  is  observed  to  be  steep,  and  it  can  be  shown 
by  it  that  muscle  contracts  more  rapidly  at  the  com- 
mencement of  its  contraction  than  when  it  has  nearly 
attained  the  maximum  of  its  shortening,  unless  the 
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muscle  is  heavily  weighted,  when  the  opposite  condi- 
tions obtain. 

Period  of  descent. — This  is  always  slower  or 
more  prolonged  than  the  period  of  ascent.  It  corre- 
sponds with  the  period  of  relaxation  of  the  muscle, 
and,  as  in  contraction,  is  more  rapid  at  first  than 
when  the  muscle  has  nearly  resumed  its  ordinary 
conditions.  It  is  succeeded  by  one  or  two  secondary 
vibrations,  due  perhaps  to  elasticity.  When  a  muscle 
is  lightly  weighted,  the  descending  portion  of  the 
curve  does  not  reach  the  basal  line;  but  when  heavily 
weighted,  it  may  not  only  reach  it,  but  descend  below 
it,  and  then  rise  above  it  again.  In  the  ordinary 
contraction  of  the  gastrocnemius  of  the  frog  the  rela- 
tion in  point  of  time  of  the  period  of  ascent  to  that  of 
descent  is  such  that  if  the  former  occupies  one-tenth 
of  a  second  the  latter  occupies  three-tenths. 

Exhausted  muscles  have  a  longer  latent  period, 
contract  more  slowly  and  to  a  less  extent,  and  have  a 
longer  period  of  relaxation.  The  curve  is  therefore 
lower  and  longer  with  the  same  stimulus. 

Supermaximal  contraction. — When^  by  the 
application  of  a  series  of  stimuli,  that  stimulus  is 
discovered  which  produces  the  utmost  contraction  of 
which  a  muscle  is  capable,  by  a  continuance  of  stimu- 
lation a  yet  greater  degree  of  contraction  may,  after 
a  little  time,  in  some  cases,  be  obtained.  This  is 
called  the  supermaximal  contraction. 

The  contraction  of  muscle  is  modified  by  tempera- 
ture, blood  supply,  previous  stimulation,  load,  nature 
of  stimulus,  freshness,  and  nutrition. 

Summation  of  stimuli. — As  a  general  rule, 
when  a  stimulus  of  moderate  strength  is  applied  to 
a  muscle,  it  contracts  suddenly  and  completely,  that 
is,  to  its  fullest  extent ;  but  a  stimulus  may  be  applied 
to  a  muscle,  so  slight,  that  no  contraction  follows ;  if 
this  feeble  stimulus  be  quickly  reapplied  two  or  more 
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times,  contraction  ensues;  or  if  the  first  feeble  stimulus 
produces  slight  contraction,  the  second  stimulus, 
though  it  may  not  be  any  stronger,  excites  a  vigor- 
ous contraction.  This  gradually  increasing  action 
is  termed  summation  by  the  Germans,  and  latent 
addition  by  the  French.  The  interval  of  time  between 
two  successive  stimuli  may  be  as  brief  as  toVo*^  ^ 
second  and  as  long  as  ten  seconds.     Two  stimuli, 
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Fig.  26.— Summation  of  Two  Stimuli. 

though  removed  from  each  other  by  an  interval  as 
short  as  the  former  of  these  periods  or  as  long  as  the 
latter,  are  consequently  clearly  perceived  by  the 
muscle  to  be  two,  and  the  muscle  curve  produced  by 
them  differs  in  its  characters  from  that  produced  by 
a  single  stimulus.  If  the  two  stimuli  both  occur 
within  the  latent  period,  or  soon  after  the  commence- 
ment of  shortening,  only  one  contraction  will  result, 
but  it  will  be  more  vigorous  than  one  alone.  Thus 
in  Fig.  26  the  first  shock  is  applied  at  0,  and  0 — 1  = 
latent  period,  and  B  A  8  represents  the  curve  that 
would  be  produced  if  that  stimulus  alone  acted ;  but 
if  now,  when  the  muscle  is  just  beginning  to  contract, 
a  second  stimulus  is  applied  at  B,  the  second  contrac- 
tion superimposes  itself  upon  the   first,  and  the 
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stronger  contraction  box  follows.  The  excitability 
of  a  muscle  seems  to  increase  when  a  succession  of 
stimuli  are  applied,  for  it  is  possible  to  apply  to  a 


Fig.  27. — Muscle  of  Lobster. 
Indications  of  seven  electric  shocks  of  equal  intensity. 

muscle  a  shock  of  such  feieble  intensity  that  no  con- 
traction follows;  but  if  several  such  shocks  are  applied 
consecutively,  a  vigorous  contraction  may  be  induced. 
Thus  it  is  seen  in  Fig.  27  that  the  application  of  the 
first  two  shocks  was  not  followed  by  any  contraction ; 
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the  third,  however,  produced  a  slight  rise  in  the 
myographic  tracing ;  the  fourth  a  distinct  but  slight 
muscular  contraction;  whilst  the  three  following 
shocks  caused  the  muscle  to  contract  energetically. 
Hence  it  appears  that  when  successive  and  equal 
stimuli  are  applied  they  add  themselves  together  and 
produce  a  much  more  powerful  effect  than  either  of 
them  singly. 

Secondary  wave. — If  a  muscle  to  which  a 
light  weight,  is  attached  be  thrown  into  tetanus  and 
then  left,  it  suddenly  elongates,  but  soon  begins  again 
to  contract  without  the  further  application  of  a 
stimulus.  This  contraction  is  termed  the  "  secondary 
wave,"  and  it  is  necessary,  in  order  that  it  should 
appear,  that  the  muscle  should  be  very  fresh  and  the 
weight  light. 

Contraction  remainder. — When  a  muscle  is 
much  exhausted,  and  especially  if  not  weighted,  it 
may  not  fully 
return  to  its 
former  condi- 
tion, and  the 
point  of  the 
lever  will  not 
descend  to  its 
original  level, 
exhibiting  what 
is  then  termed 
a  contraction 
remainder. 

Tetanus.   — incomplete  Tetanus ;  the  undulation 

.  of  the  successive  shocks  being  still  perceptible. 

Tetanus  is  the 

fusion  of  a  series  of  successive  contractions  into  one 
continuous  contraction.  It  occurs  when  stimuli  are 
applied  so  rapidly  that  the  muscle  has  not  time  to 
relax  between  the  times  of  application  of  two  consecu- 
tive stimuli.    The  number  of  stimuli  required  to  throw 
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a  muscle  into  tetanus  varies 
greatly  in  different  instances. 
Thus  in  the  case  of  the  pedal 
muscle  of  the  snail,  tetanus  re- 
sults even  when  the  interval 
between  two  shocks  is  as  much 
as  ten  seconds;  two  shocks  per 
second  are  sufficient  to  throw  the 
striated  muscle  of  the  tortoise 
into  tetanus  \  the  rapidly  vibrat- 
ing muscles  of  the  insect  require 
300,  of  the  bird  100  ;  the  gastro- 
cnemius of  a  frog  requires  twenty- 
seven,  and  the  *pale  muscles  of 
the  rabbit  a  very  much  greater 
number ;  the  striated  muscles  of 
man  require  forty  or  more  per 
second.  In  the  graphic  tracing  of 
tetanus  the  contractions  caused 
by  successive  stimuli  are  seen  to 
be  super-imposed,  till  at  length 
a  maximum  height  is  observed, 
which  is  preserved,  as  long  as 
the  stimulation  is  continued,  till 
exhaustion  occurs,  when  the  line 
suddenly  falls.  So  long  as  the 
line,  though  high,  presents  un- 
dulations,  the  tetanus  is  said  to 
be  incomplete  (Fig.  28) ;  but 
when  the  tracing  of  the  muscle 
forms  a  uniform  line  (Fig.  29), 
then  the  tetanus  is  complete. 
Before  tetanus  is  established, 
when  the  number  of  excitations 
is  considerable,  there  is  generally 
one  contraction,  followed  by  re- 
laxation.    This   is  named  the 


Chap.  XIII.]  Action  of  Curare  on  Muscle.  301 


initial  contraction ;  but  instruments  have  been  devised 
by  means  of  which  22,000  stimuli  can  be  applied  in 
a  second,  and  it  is  then  said  bj  some  that  no  initial 
contraction  occurs,  the  muscle  passing  at  once  into 
tetanic  spasm. 

Action  of  curare  on  muscle.— Curare,  orwoo- 
rara,  is  the  arrow  poison  of  the  South  American  Indians, 
and  is  remarkable  for  its  power  of  rendering  even 
large  and  powerful  animals  motionless,  when  introduced 
into  their  blood.  In  small  doses  it  increases  the  irrit- 
ability of  both  nerve  and  muscle,  but  in  large  doses  it 
primarily  affects  the  intramuscular  terminations  of  the 
motor  nerves  without  impairing  the  functions  of  the 
sensory  nerves. 

That  curare  acts  on  the  intramuscular  terminations 
of  the  motor  nerves  is  shown  by  applying  a  ligature 
tightly  to  the  leg  of  a  frog  beneath  the  sciatic  nerve, 
so  that  whilst  the  circulation  is  wholly  suppressed  in 
the  limb,  the  nerve  is  uninjured.  On  injecting  curare 
into  the  skin  of  the  back,  it  is  absorbed  and  acts  on 
all  parts  except  the  leg  round  which  the  ligature  has 
been  drawn.  If  either  a  mechanical,  chemical,  thermal, 
or  electrical  stimulus  be  now  applied  to  any  of  the 
nerves  distributed  to  other  parts  than  the  ligatured 
limb,  no  movement  will  take  place  ;  but  if  a  stimulus 
be  applied  to  the  roots  of  the  sciatic  nerve  of  the 
ligatured  limb,  which,  being  above  the  ligature,  have 
evidently  been  exposed  to  the  action  of  the  poison, 
the  muscles  still  respond  readily  enough,  showing  that 
although  the  poison  has  acted  on  the  peripheral  extre- 
mities of  the  nerves  in  other  parts  of  the  body,  it 
certainly  has  not  acted  on  the  nerve  trunks  or  roots. 
In  the  same  frog  it  may  be  shown  that  curare  does 
not  act  on  sensory  nerves  nor  upon  the  nerve  centres, 
for  if  one  of  the  legs  not  ligatured  be  pinched,  contrac- 
tions are  observed  in  the  ligatured  limb,  whilst  the 
rest  of  the  body  remains  in  complete  repose. 
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A  warm-blooded  animal,  to  which  a  sufficient  dose 
of  curare  has  been  administered,  soon  becomes  incap- 
able of  voluntary  movement;  the  striated  muscles, 
with  the  exception  of  the  heart,  cease  to  respond  to 
nervous  impulses,  and  hence,  although  the  heart  con- 
tinues to  beat,  death  takes  place  owing  to  failure  of 
the  respiratory  movements,  and  consequently  asphyxia. 
In  the  case  of  a  frog  similarly  poisoned,  life  is  not 
destroyed,  because  this  animal  is  capable  of  respiring 
by  the  skin,  but  it  is  still  wholly  deprived  of  the  power 
of  spontaneous  movement.  The  life  of  the  warm- 
blooded animal  can,  like  that  of  the  frog,  be  preserved 
if  artificial  respiration  be  maintained  long  enough  for 
the  poison  to  be  eliminated  from  the  system  \  and  in  that 
case  it  is  found,  that  although  no  stimulus  applied  to 
the  nerves  supplying  muscles  will  occasion  contraction, 
yet  that  the  muscles  themselves  respond  readily  enough 
to  stimuli  when  directly  applied. 

In  large  doses  the  inhibitory  fibres  of  the  vagus  are 
paralysed,  and  the  heart  consequently  beats  more  fre- 
quently. Curare  produces  little  effect  when  taken 
into  the  stomach,  because  as  fast  as  it  is  absorbed  it 
is  excreted  by  the  kidneys  ;  but  if  the  ureters  are  tied, 
the  poison  accumulates  in  the  blood,  and  the  usual 
effects  are  observed. 

Two  muscles,  of  which  one  is  under  the  influence 
of  curare,  contract  nearly  equally  on  opening  and 
closing  a  constant  current  of  electricity ;  but  when  ex- 
posed to  the  intermittent  action  of  induced  currents,  a 
stronger  current  is  required  to  excite  the  curarised  or 
"  enervated  "  muscle.  The  non-curarised  muscle  be- 
haves with  the  induced  current  in  the  same  way  as  if 
the  current  were  applied  to  the  motor  nerve.  This 
difference  in  the  effect  of  constant  and  induced 
currents  is  utilised  by  electro-therapeutists  to  decide 
whether  a  paralysis  is  due  to  some  peripheral  lesion  of 
the  motor  nerve,  or  results  from  lesion  of  the  nerve 
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centre.  For  if  a  motor  nerve  be  divided,  or  is  suffering 
from  peripheral  lesion,  which  amounts  to  the  same 
thing,  it  degenerates  towards  and  up  to  its  peripheral 
termination ;  but  this  does  not  occur  where  the  lesion 
is  in  the  nerve  centres.  If,  therefore,  in  the  course  of 
from  eight  to  fifteen  days  after  the  occurrence  of  the 
paralysis,  the  irritability  of  the  paralysed  muscle  to 
the  induced  current  is  preserved,  it  is  concluded  that 
the  nerve  centres  are  affected ;  but  if  the  irritability  is 
abolished  or  seriously  diminished,  the  lesion  is  peri- 
pheral (Nuel). 

Action  of  some  other  poisons.— Chloroform, 
ether,  and  chloral  retard  the  whole  process  of  contrac- 
tion ;  carbon  monoxide,  which  at  ordinary  temperature 
has  no  action  on  muscular  irritability,  abolishes  it  at 
a  pressure  of  five  atmospheres. 

Some  poisons  have  a  remarkable  influence  on  the 
muscle  curve ;  thus  veratria,  the  action  of  which  has 
been  studied  by  V.  Bezold,  produces  the  following 
effects.  If  one  or  two  drops  of  a  very  dilute  solution 
of  veratria  be  injected  into  the  lymph  sac  of  a  frog, 
and  the  condition  of  the  animal  be  examined  in  the 
course  of  a  quarter  of  an  hour,  it  will  be  found  that 
when  it  is  incited  to  spring  the  movement  is  rapidly 
and  vigorously  accomplished  ;  but  that  on  alighting, 
instead  of  the  legs  being  under  the  belly  and  prepared 
for  a  fresh  spring,  they  are  extended  behind,  and  are 
only  slowly  drawn  up.  The  characteristic  features  of 
the  movement  are,  rapid  and  powerful  contraction  with 
very  slow  relaxation.  The  form  of  the  muscle  curve 
from  a  frog  poisoned  with  veratria  explains  the  reason 
of  this  condition.  The  ascending  part  of  the  line  is 
precipitous,  and  ends  when  it  has  reached  a  consider- 
able height.  The  summit  of  the  curve  proper  is  not 
remarkably  prolonged,  and  it  is  often  succeeded  by  a 
descent ;  but  at  this  point  the  effect  of  the  poison  be- 
comes characteristic,  for  the  curve  suddenly  ceases  to 
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fall,  and  rises  to  an  altitude  far  above  that  attained 
by  the  primary  contraction.  When  the  "  veratria 
contraction  "  has  reached  its  maximum,  it  begins  to 
decline,  and  then  gradual  relaxation  continues  with 
diminishing  speed  till  the  base  line  is  regained.  The 
whole  contraction  resulting  from  a  single  stimulation 
may  occupy  5  to  15  seconds,  or  longer.  The  effects  of 
heat  or  cold  on  the  form  of  the  two  parts  of  the  curve 
have  been  studied  by  Brunton  and  Cash,  who  show  that 
in  regard  to  the  veratria  curve  the  effect  is  the  same  as 
in  the  unpoisoned  muscle,  cold  lengthening  and  some- 
times lowering  the  altitude,  while  heat  shortens  and 
increases  the  altitude. 

Necessity  for  free  supply  of  blood.— The 
capability  of  muscle  to  respond  to  nerve  stimulation, 
whether  direct  or  indirect,  is  diminished  by  fatigue, 
and  abolished  by  exhaustion,  and  the  same  effect  is 
produced  by  any  means  preventing  the  supply  of  blood 
to  it,  whether  by  pressure  or  ligature  of  the  artery  of 
the  limb,  by  the  injection  into  the  vessels  of  any  fine 
powder  which  obstructs  the  capillaries,  or  by  the  ap- 
plication of  an  Esmarch's  bandage.  On  re-admission 
of  the  blood,  if  the  supply  have  not  been  too  long  cut 
off,  it  is  soon  recovered.  The  muscle  does  not  lose  its 
irritability  in  anaemia,  for  it  may  still  respond  to 
direct  stimuli,  but  nervous  impulses  can  no  longer  be 
communicated  to  it.  The  heart,  however,  seems  to 
be  differently  affected,  since  it  stops  instantly  after 
ligature  of  the  coronary  arteries.  In  frogs  the  whole 
of  the  blood  may  be  replaced  by  solutions  of  common 
salt  in  the  proportion  of  six  grains  to  the  litre.  Yet 
voluntary  and  reflex  movement,  and  the  excitability 
of  the  muscles,  may  be  preserved  for  many  hours. 
When  all  signs  of  irritability  have  ceased,  this  property 
of  muscle  may  be  restored  by  the  injection  of  warm 
defibrinated  blood  into  the  vessels.  In  the  dog 
restoration  may  take  place  six  hours  after  the  last 
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signs  of  irritability  have  vanished,  and  in  pigeons 
after  one  hour.  Speaking  generally,  muscle  can  live 
and  contract  independently  of  the  rest  of  the  body, 
but  it  requires  oxygen  and  nutriment  for  the 
maintenance  of  its  activity,  and  it  is  necessary  that 
the  products  of  its  waste  should  be  removed  \  both 
of  these  conditions  are  fulfilled  by  the  blood  current. 

The  ctiang:es  of  the  blood  stream  in 
muscles  throug^h  stimulation  of  their  nerves. 
— This  subject  has  been  especially  investigated  by 
Sadler  and  by  Gaskell,  and  their  observations  show 
that  when  muscles  are  made  to  contract  by  stimu- 
lation of  their  nerves,  the  flow  of  blood  returning 
from  them  is  quickened.  If  tetanus  be  induced, 
there  appears  a  spurt-like  quickening  of  the  stream 
followed  on  further  contraction  by  an  almost  com- 
plete cessation  of  flow,  which  then  again  steadily 
increases  in  volume ;  at  the  end  of  the  tetanus  the 
rate  of  flow  sinks  a  second  time  for  a  moment,  and 
then  rises  again  in  the  course  of  some  seconds  to  a 
new  maximum,  from  which  it  falls  slowly  to  near  the 
value  it  possessed  before  the  stimulation.  Upon  the 
whole,  there  is  an  increased  flow  of  blood  through  a 
muscle  in  contraction,  and  the  explanation  appears  to 
be,  that  when  the  muscle  is  made  to  contract  by  the 
direct  stimulation  of  motor  nerves,  its  arteries  are  at 
the  same  time  made  to  dilate  by  the  direct  stimula- 
tion of  dilator  nerves.  Section  of  the  nerve  distri- 
buted to  a  muscle  causes  a  great  increase  in  the 
rate  of  blood^flow  through  the  muscle,  which  attains 
its  maximum  in  from  twenty  to  forty  seconds  after 
the  section,  and  which  has  entirely  disappeared  in 
from  two  to  four  minutes  after  the  section,  whether 
the  animal  is  anaesthetised  or  unansesthetised,  or 
curarised. 

Small  dilatations  have  been  observed  in  the  minute 
vessels  and  capillaries  of  muscle  in  which  blood  may 
u — 5 
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accumulate ;  a  supply  of  nutriment  and  of  oxygen 
is  thus  afforded  which  can  be  drawn  upon  during 
prolonged  effort. 

Sensibility  of  muscles. — Muscles  are  supplied 
with  sensory  nerve  fibres ;  indications  of  pain  are  ob- 
served when  they  are  cut,  pinched,  bruised,  or  other- 
wise injured.  The  pain  that  accompanies  cramp  is 
well  known,  and  is  probably  due  to  compression  of 
sensory  nerves.  The  sensation  of  fatigue  is  perhaps 
attributable  to  the  retention  of  the  products  of  disin- 
tegration, such  as  sarcolactic  acid  in  the  tissue,  and 
their  action  on  the  sensory  nerves.  The  muscular 
sense  or  sensibility  by  which  we  judge  of  the  position 
of  the  various  parts  of  the  body  and  estimate  weights, 
will  be  referred  to  when  tactile  sensibility  is  discussed. 

£flects  of  nerve  lesions  on  muscle* — On 
examining  a  muscle  in  a  natural  condition  with  a 
galvanic  current,  it  will  be  found  that  the  cathodic 
closure  contraction  (or  ccc)  is  greater  than  the 
anodic  closure  contraction  (acc),  a  condition  which 
is  briefly  expressed  by  the  formula  ccc  >  ACC.  It 
has  been  shown  that  in  a  muscle  separated  from  its 
motor  nerve  this  reaction  undergoes  a  marked  change 
— the  ACC  becoming  first  equal  to  and  then  greater 
than  the  ccc,  which,  together  with  other  electrical 
conditions,  present  the  phenomena  known  collectively 
as  reaction  degeneration.  In  the  course  of  three  or 
four  days  after  lesion  of  a  motor  nerve  the  muscle 
supplied  by  it  reacts  less  powerfully  to  both  direct  and 
indirect  stimulation  of  the  nerve.  This  period  is  suc- 
ceeded by  one  in  which  constant  currents  act  more 
powerfully,  whilst  induced  currents  are  almost  in- 
operative. There  is  also  increased  excitability  for 
direct  mechanical  stimuli.  This  occurs  about  the 
seventh  week,  and  from  this  time  it  gradually  sinks 
up  to  the  sixth  or  seventh  month,  when  it  disappears 
altogether.    Under  the  microscope  fatty  degeneration 
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appears  about  the  second  week,  and  gradually  pro- 
gresses to  complete  atrophy. 

Tendon  reflex.— When,  in  the  sitting  posture, 
one  leg  is  crossed  over  the  other  and  is  allowed  to 
hang  freely  without  touching  the  ground,  if  a  smart 
blow  is  given  to  the  tendo  patellae  a  sudden  contraction 
of  the  rectus  femoris  occurs,  which  is  named  the 
"  knee-jerk."  Similar  contractions  occur  in  other 
muscles  when  their  tendons  are  struck.  Waller  has 
adduced  evidence  to  show  that  this  is  not  a  case  of 
true  reflex  action,  but  is  one  of  direct  muscular  con- 
traction, though  the  integrity  of  the  spinal  nervous 
arc  is  its  sine  qud  non  condition,  his  main  argument 
being  founded  on  his  observation  that  the  time  lost 
between  percussion  and  contraction  of  the  muscle  is 
only  -5^0 th  of  a  second,  which  is  too  short  for  a  reflex 
action,  which  in  man  occupies  at  least  y o^h  of  a  second 
for  any  movement  of  a  limb. 

Work  done  toy  muscle. — The  work  done  by  a 
muscle  is  estimated  by  multiplying  the  weight  raised 
by  the  height  to  which  it  is  raised.  If  there  is  no 
weight  to  be  lifted,  no  work  is  done )  and  in  a  similar 
manner,  if  the  weight  is  so  heavy  that  it  cannot  raise 
it  at  all,  no  work  is  done.  If  the  weight  be  gradually 
increased  from  a  minimum,  it  is  found  that  the  work 
done  steadily  increases  up  to  a  certain  point ;  when 
this  is  passed,  the  height  to  which  the  weight  can  be 
raised  diminishes,  and  the  work  done  diminishes. 
Thus  in  one  experiment  Weber  found  that  with 

Weight  attached  to  ^ffiht  Va^sTSied  ^^^^ 

muscle,  in  gramnieg  IL^miSetres   '  millimetres, 
5  27-06  138 

15  >  25-01  376 

25  11-45  286 

30  6-03  220 

From  which  it  appears  that  most  work  was  done  in 
this  case  with  a  weight  of  15  grammes. 
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Absolute  muscle  force. — This  is  the  weight 
which  a  muscle  stimulated  to  the  utmost  is  just  unable 
to  raise,  so  that  it  retains  its  natural  length  before  being 
weighted,  though  at  the  same  time  it  does  not  elon- 
gate at  the  moment  of  stimulation.  As  a  means  of 
comparison  of  the  absolute  muscle  force  of  different 
muscles,  it  is  estimated  on  1  square  centimetre  of  the 
mean  transverse  section.  Now,  the  mean  transverse 
section  is  obtained  by  dividing  the  volume  of  a  muscle 
by  its  length,  and  the  volume  equals  the  absolute 
weight  of  the  muscle  in  question,  divided  by  the 
specific  gravity  of  muscle,  which  is  equal  to  1  058. 
The  absolute  force  of  1  square  centimetre  of  frog's 
muscle  is  thus  estimated  at  2*8  to  3  kilogrammetres  ; 
and  for  the  same  area  of  human  muscles  it  is  about  8 
or  9  kilogrammetres.  The  greatest  exertion  of  a  man, 
reckoned  at  eight  hours  per  diem,  is  calculated  to  be 
about  10  kilogrammetres  per  second,  or  300,000  per 
diem.  One  horse-power  equals  seven  times  this 
amount. 

Electrical  condition  of  a  muscle  at  rest. 

— If  a  pair  of  unpolarisable  electrodes  are  applied  to 
the  surface  of  an  exposed  but  uninjured  muscle,  little 
or  no  evidence  of  electrical  tension  is  afforded  ;  but  if 
any  part  of  the  surface  is  bruised,  cut,  or  otherwise 
injured,  that  part  immediately  becomes  negatively 
electric,  whilst  the  undamaged  part  is  positively 
electric.  It  isdifiicult  to  prepare  any  of  the  ordinary 
skeletal  muscles  for  this  experiment,  though  the  gas- 
trocnemius of  the  frog  can  be  exposed  with  least 
injury  ;  but  the  heart  may  be  employed,  the  electrodes 
being  applied  to  it  in  diastole,  or  when  its  beats  have 
been  retarded  by  muscarin.  If  a  long  muscle  be  care- 
fully removed  from  the  body,  the  two  ends  cut  away, 
and  the  electrodes  applied,  one  to  the  outer  longitudi- 
nal surface,  and  the  other  to  the  cut  transverse  surface, 
it  will  be  found  that  the  smooth  outer  surface  is 
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positive  and  the  transversely  cut  surface  negative,  the 
strongest  current  being  obtained  when  the  electrode  is 
placed  on  the  middle  or  equator  of  the  longitudinal 
surface,  and  the  other  on  the  centre  of  the  cut  sur- 
face. A  current,  therefore,  passes  outside  the  muscle 
from  the  longitudinal  to  the  transverse  section,  and 
there  must  be  a  similar  current  inside  the  muscle  from 
the  transverse  section  to  the  longitudinal  surface  or 
section,  or  the  electrical  tension  would  soon  be  equalised. 

No  current  is  obtained  if  two  symmetrical  points 
of  the  muscle  are  tested,  that  is,  if  the  electrodes  are 
applied  to  two  points  of  the  longitudinal  section 
equidistant  from  the  equator,  or  to  two  points  of  the 
tiinsverse  section  equidistant  from  the  axis.  Some 
experimenters  believe  that  electrical  currents  pre-exist 
in  quiescent  muscles ;  others  consider  that  electrical 
currents  are  only  generated  when  muscles  have  been 
injured,  the  injured  part  in  dying  becoming  electro- 
negative, and  the  uninjured  part  positive.  The  cur- 
rents are  so  far  interesting  that  they  only  occur  in 
living  muscle,  and  disappear  altogether  when  its  excit- 
ability has  vanished.  When  the  excitability  is  only 
partially  extinct,  a  fresh  transverse  section  causes 
them  to  reappear,  which  Hermann  explains  as  a  result 
of  new  contractile  molecules  being  exposed  to  the  air, 
and,  in  undergoing  oxidation,  becoming  the  source  of 
fresh  electrical  manifestations.  The  currents  demon- 
strated in  the  foregoing  mode  are,  it  must  be  remem- 
bered, only  derived  currents  ;  much  more  energetic 
ones  probably  exist  in  the  muscle  itself ;  for  when  we 
apply  two  unpolarisable  electrodes  connected  by  a  wire 
to  the  surface  of  a  muscle,  we  derive  a  fraction  only, 
and  probably  only  a  very  small  fraction,  of  these  cur- 
rents from  a  few  superficial  contractile  molecules, 
yet  the  electromotor  force  of  the  muscles  of  a  frog 
amounts  to  about  one-tenth  of  a  Daniell's  cell,  and 
that  of  mammals  is  nearly  the  same. 
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Electrical  manifestations  of  muscle  in 
action. — The  simplest  case  is  presented  in  the  appli- 
cation of  a  single  stimulus  to  a  curarised  muscle,  the 
fibres  of  which  are  parallel,  and  the  length  of  which 
does  not  exceed  that  of  the  fibres  themselves.  The 
region  excited  develops  for  a  very  short  space  of  time 
a  negative  electric  tension,  which  disappears  whilst 
the  next  segment  of  the  muscle  becomes  negative, 
and  so  on  towards  both  of  its  extremities.  The 
rapidity  of  propagation  of  this  negative  wave  is  the 
same  a^  that  of  the  propagation  of  the  pauscular  wave, 
or  three  metres  per  second,  and,  as  it  precedes  the  con- 
tractile wave,  coincides  with  the  latent  period  of  the 
contractile  energy.  It  appears  in  the  region  stimu- 
lated at  the  very  moment  of  excitation,  and  is  conse- 
quently the  first  appreciable  phenomenon  of  muscular 
excitation,  the  first  sign  of  intramolecular  change.  It 
shows  that  during  the  latent  period  the  contractile 
substance  is  by  no  means  at  rest,  but  is  the  seat  of 
very  important  molecular  phenomena  (Nuel).  Any 
portion  of  muscle  to  which  a  stimulus  is  applied  is 
negative  to  the  non-stimulated  portion.  The  duration 
of  the  negative  wave  is  about  0*004  sec,  which  gives 
a  length  of  wave  of  about  1 2  mm.  The  term  current 
of  action  has  been  applied  to  the  current  produced 
by  the  negative  wave,  and  its  electromotor  force 
may,  like  that  of  the  current  of  repose,  rise  as  high 
as  one-tenth  of  a  Daniell's  cell. 

When  a  galvanometer  is  used  to  demonstrate  in 
the  usual  way  a  current  of  repose  in  a  muscle,  if  the 
muscle  be  tetanised  either  directly  or  indirectly,  the 
needle  swings  back  towards  or  beyond  zero.  This  is 
the  negative  variation  of  Dubois  Reymond,  of  the  cur- 
rent generally  admitted  to  exist  in  quiescent  muscle. 

Unstriated  muscular  tissue. — The  physio- 
logical investigation  of  unstriated  muscular  tissue  is 
rendered  far  from  easy  on  account  of  the  difficulty  of 
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obtaining  a  mass  of  it  in  an  isolated  state,  its  in- 
accessibility, and  the  circumstance  that  it  is  often 
arranged  in  alternating  layers,  which  have  a  different, 
if  not,  as  in  the  case  of  the  intestinal  wall  and  iris,  a 
precisely  opposite  action.  In  experimenting  on  the 
retractor  penis  of  the  horse,  dog,  and  some  other 
mammals,  where  the  fibres  form  a  mass  of  considerable 
size,  almost  pure,  and  easily  accessible,  Sertoli  has 
found  that  this  example  of  smooth  muscle  retained  its 
excitability  for  a  very  long  time  (with  proper  pre- 
cautions to  prevent  loss  of  heat  and  desiccation),  con- 
tracting, in  response  to  stimuli,  five,  six,  or  even  seven 
days  after  removal  from  the  body.  At  a  temperature 
of  104°  F.  it  soon  became  fatigued,  and  lost  its  irrit- 
ability. Its  most  remarkable  power  was  found  to  be 
that  of  executing  spontaneous  movements  even  when 
removed  from  the  body,  the  contractions  lasting  from 
two  to  six  minutes,  and  the  degree  of  contraction  being 
about  one-fifth  of  the  total  length  of  the  muscle.  The 
intermissions  were  short.  The  movements  cease  in 
deep  narcotism,  in  anaemia,  and  with  deficient  supply 
of  oxygen.  Direct  stimulation  with  a  constant  current 
caused  elongation  with  complete  cessation  of  spon- 
taneous movements  when  the  current  was  passing. 
In  many  Vermes,  however,  local  contraction  occurs 
uniformly  at  the  cathode  on  closure  of  a  sufficiently 
strong  current  (Biedermann).  The  application  of 
an  induced  current  caused  contraction.  The  graphic 
tracing  resembles  that  of  striated  muscle,  but  exhibits 
a  latent  period  of  0*8  sec,  which  is  nearly  100  times 
longer  than  that  of  striated  muscle,  and  a  period  of 
contraction  lasting  from  90  to  120  seconds.  The  con- 
traction is  moderately  rapid,  the  relaxation  at  first 
slow,  then  more  rapid,  and  finally  very  slow.  Tetanus 
supervenes  when  the  shocks  do  not  succeed  each  other 
more  rapidly  than  at  intervals  of  one  in  five  seconds, 
or  twelve  per  minute. 
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It  has  been  pointed  out  by  Gaskell  that  muscular 
tissues  exhibit  three  different  modes  of  responding 
to  stimulation  according  to  their  structure.  These 
modes  may  be  expressed  by  saying  that  some  muscles 
possess  essentially  the  power  of  tonic  contraction, 
others  the  power  of  rhythmical  contraction,  and  others 
that  of  rapid  contraction  ;  the  three  forms  may  be 
exemplified  by  a  comparison  of  the  tetanising  action 
of  a  strong  interrupted  current  upon  a  strip  of 
muscle  from  the  bladder  of  a  tortoise  and  from  the 
heart  of  a  tortoise,  with  the  ordinary  tetanus  curve 
of  the  gastrocnemius  of  the  frog.  The  unstriped 
muscle  of  the  bladder  contracts  slowly  after  a  long 
latent  period,  the  contraction  increasing  steadily  in 
force  during  and  even  after  the  cessation  of  the 
tetanising  current,  and  then  the  strip  returns  with 
excessive  slowness  to  its  original  length  ;  in  other 
words,  we  see  a  prolonged  tonic  contraction  as  the 
result  of  the  stimulation.  With  striated  muscle  we 
have  the  curve  of  tetanus  composed  of  the  superposi- 
tion or  fusion  of  a  series  of  rapid  contractions.  The  car- 
diac strip  gives  a  curve  which  is  intermediate  between 
the  two,  and  may  be  described  as  consisting  of  a 
long-continued  tonic  contraction  upon  which  a  number 
of  rapid  contractions  are  superimposed.  These  sepa- 
rate rapid  contractions  never  succeed  one  another  so 
quickly  as  to  fuse  together.  When  exhausted,  how- 
ever, it  contracts  with  a  tonic  contraction  like  un- 
striped muscle. 

Arrang^ement  and  application  of  muscles 
in  tiie  body.— The  muscles  constitute  nearly  one-half 
of  the  total  weight  of  the  body,  and  they  are  divided 
into  several  groups,  according  to  their  mode  of  action. 
Some  have  no  definite  origin  and  insertion,  but  sur- 
round cavities,  and  form  the  walls  of  tubes,  as  in  the 
case  of  the  muscular  walls  of  the  alimentary  canal,  of 
the  bladder  and  uterus;  the  coats  of  blood-vessels, 
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glands,  ducts,  and  lymphatics,  all  of  which  have 
for  their  purpose  the  contraction  of  the  spaces  they 
bound,  and  the  onward  movement  of  their  contents. 
Others  surround  the  orifices  of  the  various  apertures 
of  the  body,  and  are  termed  sphincters.  Other  groups 
of  muscles  have  one  attachment  to  some  fixed  point,  and 
the  other  in  a  soft  tissue,  the  movement  of  which  they 
effect ;  such,  for  example,  is  the  azygos  uvulae.  And 
others  again,  which  are  by  far  the  most  numerous,  have 
points  of  attachment  into  different  bones,  and  with  the 
bones  act  as  levers.  Prof.  Haughton  has  pointed  out 
that  in  most  kinds  of  labour  which  are  effective  and 
usually  employed,  almost  all  the  muscles  of  the  upper 
and  lower  extremity  are  exerted,  together  with  the 
muscles  of  the  lumbar  and  dorsal  vertebras.  He 
takes  the  work  of  the  Oxford  or  Cambridge  eight-oar 
boat  as  an  example  of  extreme  muscular  exertion, 
and  shows  that  the  work  done  by  each  man  is  nearly 
4  foot-tons  per  minute.  The  average  daily  work  of 
a  labourer  is  about  400  foot-tons,  accomplished  in 
ten  hours.  The  oarsman,  therefore,  performs  in  one 
minute  the  hundredth  part  of  a  fair  day's  labour ;  and 
if  he  could  continue  to  work  at  the  same  rate  he  would 
finish  his  task  in  one  hour  and  forty  minutes,  instead 
of  the  customary  ten  hours.  The  work  done,  there- 
fore, in  rowing  one  knot  in  seven  minutes  is,  while  it 
lasts,  performed  at  a  rate  equal  to  six  times  that  of  a 
hard-worked  labourer.  The  most  effective  mode  of 
employing  human  labour  is  to  make  a  man  lift  his  own 
weight  through  a  height  for  many  hours.  This  may 
be  accomplished  by  making  a  labourer  step  into  an 
empty  barrow,  and  by  his  weight  hoist  a  full  barrow 
through  a  certain  distance.  Arrived  at  the  bottom, 
he  steps  out  of  the  empty  barrow,  and  climbs  a  ladder 
to  his  original  station,  and  again  descends.  The  work 
capable  of  being  thus  done  was  found  to  be  910  foot-tons, 
which,  expressed  in  foot-pounds  per  ounce  of  muscle  per 
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minute  =  7*389  foot-pounds.  From  other  experiments 
Haughton  arrived  at  the  conclusion  that  the  coefficient 
of  contraction  of  living  muscle,  such  as  the  biceps,  was 
about  95  lbs.  per  square  inch  of  cross  section. 

Joints  and  joint  movements*— Joints  result 
in  some  instances  from  the  necessity  of  allowing  for  the 
enlargement  of  the  contents  of  cavities,  as  in  the  case 
of  the  cranium.  In  such  joints,  termed  synarthroses, 
there  is  no  movement,  but  in  other  cases  they  exist 
to  enable  parts  to  move  more  or  less  freely  upon  one 
another.  The  movement  is  sometimes  very  slight,  as 
in  the  articulation  of  the  pelvic  bones  with  each  other 
or  with  the  sacrum,  and  the  attachment  of  the  bones 
of  the  vertebrae  to  one  another.  These  are  termed 
amphiarthroses,  and  they  combine  great  strength  with 
some  degree  of  movement.  The  other  joints  are  those 
which  are  intended  to  permit  free  movement,  and 
which  exist  between  the  extremities  of  the  bones  of 
the  limbs.  In  those  which  are  termed  diarthroses  the 
opposed  surfaces  of  the  bones  are  covered  with  cartilage, 
over  which,  as  well  as  over  the  inner  surface  of  the 
ligaments  iDinding  them  together,  is  originally  a  thin 
membrane  resembling  the  serous  membranes,  but 
differing  from  them  in  the  character  of  its  secretion, 
which  is  glairy,  and  adapted  to  lubricate  the  surfaces, 
named  synovia.  The  membrane  has  hence  been  called 
the  synovial  membrane.  As  soon  as  the  joint  is  used, 
the  cells  covering  the  cartilage  are  worn  away  and  are 
not  replaced ;  and,  in  the  adult,  the  membrane,  which 
is  composed  of  a  matrix  of  delicate  connective  tissue 
with  elastic  fibres,  and  lining  membrane  of  flattened 
epithelial  cells,  appears  to  terminate  at  the  margin  of 
the  cartilage  by  a  zone  of  polygonal  endothelial  cells. 
Processes  are  often  given  off  from  the  inner  surface  of 
the  membrane,  which,  projecting  into  the  joint,  contain 
fat  and  vessels.  The  synovia  is  a  colourless  viscid 
fluid,  containing  mucus,  albumin,  and  traces  of  fat  and 
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salts.  It  is  diminished  in  quantity  after  active  exer- 
tion, when  it  also  becomes  thicker  in  consistence 
owing  to  increase  of  the  mucus. 

The  movable  joints  are  divided  into  the  arthrodia^ 
where  two  plane  surfaces  are  in  apposition,  like  the 
OS  calcis  and  cuboid ;  the  ginglymus  or  hinge  joint,  like 
that  of  the  elbow  or  knee ;  the  enarthrodia,  or  ball- 
and-socket  joint,  as  the  hip  and  shoulder  joints ;  and 
the  rotatoria^  as  in  the  radio-ulnar  articulation  and  the 
articulation  of  the  axis  and  atlas. 

Positions  and  Movements  of  the  Body. 

The  bones  constitute  a  system  of  levers  or  rigid 
bars,  which  are  acted  on  by  the  muscles  and  effect  the 
movements  of  the  body.  The  different  kinds  of  levers, 
in  which  the  fulcrum,  the  weight,  and  the  power  are 
respectively  in  the  middle,  are  all  represented  in 
the  body.  An  example  of  the  first  order  of  lever  is 
found  in  the  muscles  moving  the  head  forwards  and 
backwards  on  the  vertebral  column.  Thus,  in  the 
case  of  the  backward  movement,  the  rectus  capitis 
posticus  minor,  amongst  other  muscles,  represents  the 
power,  the  occipito-atlantal  articulation  is  the  fulcrum, 
and  the  fore  part  of  the  head  is  the  weight  to  be 
raised.  Other  examples  of  this  form  of  lever  are 
found  in  the  movement  of  the  trunk  on  the  pelvis, 
of  the  foot  on  the  leg,  and  of  extension  of  the  fore- 
arm. An  example  of  the  second  form  of  lever,  in 
which,  as  in  the  first  form,  great  power  can  be 
exerted  by  lengthening  one  arm  of  the  lever,  is  found 
in  the  gastrocnemii  when  acting  on  the  foot  in  such 
a  manner  as  to  raise  the  body.  The  force  is  here 
applied  to  the  os  calcis,  the  fulcrum  is  the  point  of 
contact  of  the  ball  of  the  great  toe  with  the  ground, 
and  the  body  is  the  weight  to  be  raised.  The  third 
form  of  lever,  in  which  the  power  is  in  the  middle,  is 
by  far  the  most  frequent,  because,  with  some  sacrifice 
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of  power,  there  is  great  gain  in  rapidity  of  action ; 
and,  as  a  rule,  rapidity  is  required  rather  than 
strength.  It  is  to  be  seen  in  the  biceps  of  the  arm 
and  leg,  the  deltoid  and  brachialis  anticus.  In  every 
position  of  the  body,  except  lying,  muscular  eflfort  is 
required,  though  the  number  of  muscles  brought 
into  play  in  the  sitting  position  is  much  less  than  in 
standing. 

IStandiog^. — In  this  position  of  the  body  it  is 
necessary  that  a  line  dropped  from  the  centre  of 
gravity,  which  is  situated  about  the  second  sacral 
vertebra,  should  fall  on  the  area  covered  by  the  feet, 
or  the  space  between  them,  and  that  the  body,  as  a 
whole,  in  spite  of  its  numerous  articulations,  should 
be  kept  rigid.  The  slightest  inclination  to  right  or 
left,  forwards  or  backwards,  tending  to  cause  the  centre 
of  gravity  to  fall  outside  the  surface  covered  by  the  feet, 
is  counterbalanced  by  the  action  of  opposing  muscles, 
which  serve  to  restore  the  equilibrium  ;  and  that  these 
really  act  is  shown  by  the  impossibility  of  setting  a 
dead  man,  or  one  who  has  only  fainted,  on  his  feet. 

Sitting:* — In  this  position  the  body  rests  on  the 
tubera  ischii,  on  which  a  rolling  movement,  forwards 
and  backwards,  or  laterally,  can  be  made.  The  body  and 
head  are  maintained  in  the  vertical  position.  If  the 
forward  movement  be  carried  so  far  as  to  allow  the 
centre  of  gravity,  which  is  in  front  of  the  tenth  dorsal 
vertebra,  to  fall  in  front  of  the  two  tubera  ischii, 
the  body  must  be  supported  by  resting  the  arms  on 
some  solid  object,  or  the  thighs  must  be  supported.  If 
the  body  be  inclined  far  backwards,  the  coccyx  may 
help  in  sustaining  it,  whilst  the  ilio-psoas  muscle, 
pectineus,  and  other  muscles  contract,  and  fix  it  upon 
the  thigh,  and  the  quadriceps  extensor  femoris  again 
fixes  the  thigh  upon  the  leg ;  the  leg  is  then  either 
raised  and  forms  the  long  end  of  a  lever,  of  which  the 
fulcrum  is  at  the  tubera,  and  the  weight  is  the  trunk ; 
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or  the  flexors  of  the  leg  act  and  press  it  against  the 
support. 

Walking^. — Walking  is  the  horizontal  forward 
movement  of  the  body,  by  the  alternate  use  of  the 
two  lower  limbs  and  with  the  minimum  of  exertion. 
The  leg  resting  on  the  ground  is  the  "  active "  leg ; 
the  other,  which  is  swinging  through  the  air,  is  the 
"  passive  "  leg.  The  following  are  the  two  phases  of 
the  act,  as  given  by  Landois.  In  the  first,  the  active 
leg  stands  vertically,  the  knee-joint  slightly  bent  and 
immediately  beneath  the  centre  of  gravity ;  the  passive 
leg  is  completely  extended,  and  rests  only  with  the 
point  of  the  great  toe  on  the  ground.  In  this  position 
a  rectangular  triangle  is  formed,  of  which  the  active 
leg  forms  the  hypothenuse.  In  the  second  phase  the 
active  leg  inclines  forwards,  the  body  is  maintained 
at  the  same  height,  and,  in  order  to  accomplish  this, 
the  active  leg  is  elongated  by  fully  straightening  the 
knee,  and  by  raising  the  heel  from  the  ground  so 
that  the  foot  rests  on  the  ball,  and  ultimately  on  the 
tip  of  the  great  toe.  During  the  period  that  the 
straightening  and  forward  inclination  of  the  active 
leg  is  completed,  the  passive  leg  leaves  the  ground 
with  the  tips  of  the  toes.  The  knee  is  now  somewhat 
bent,  and  executes  a  pendulum-like  swinging  move- 
ment forwards,  and  comes  to  occupy  a  position  as  far 
before  the  active  leg  as  it  was  previously  behind  it ; 
the  sole  of  the  foot  is  placed  flat  on  the  ground, 
and  the  position  of  the  centre  of  gravity  is  now  so 
altered  by  the  lateral  movement  of  the  body  as  to 
act  through  this,  which  is  now  become  the  active  leg, 
and  is  slightly  bent  at  the  knee,  and  the  first  of  the 
two  phases  recommences.  The  lateral  movement  of 
the  body,  made  with  the  object  of  shifting  the  centre 
of  gravity  to  the  active  leg,  is  accomplished  by  the 
glutaei  and  tensor  fasciae  femoris,  and  in  persons  of 
heavy  build,  and  in  women  who  have  naturally  a  broad 
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pelvis,  gives  rise  to  more  or  less  of  a  waddling  gait. 
In  moderate  walking  the  body  is  inclined  slightly,  in 
fast  walking  strongly  forwards.  Daring  the  swing- 
ing movement  of  the  leg  the  body  executes  a  slight 
rotatory  movement  on  the  head  of  the  active  femur;  but 
this  is  to  some  extent  compensated  by  the  arm  of  the 
same  side  swinging  in  the  opposite  direction,  whilst 
that  of  the  opposite  side  moves  with  the  swinging 
leg.  As  the  rapidity  with  which  the  swing  of  the 
leg  is  accomplished  varies  with  its  length,  it  is  ap- 
parent that  each  person  must  have  a  certain  natural 
rapidity  of  walk,  but  the  duration  of  each  step 
depends,  in  addition,  on  the  time  that  both  feet,  are 
simultaneously  in  contact  with  the  earth,  which  is 
dependent  on  the  will.  In  very  fast  walking  this 
period  is  nil^  as  the  moment  that  the  active  leg 
touches  the  ground  the  passive  one  is  raised.  The 
length  of  the  step  is  about  two  and  a  half  feet,  and  is 
longer  in  proportion  as  the  length  of  the  hypothenuse 
of  the  passive  leg  surpasses  the  opposite  side  of  the 
triangle  formed  by  the  active  leg.  Hence,  in  strid- 
ing, the  active  leg  is  shortened  by  bending  at  the 
knee,  and  the  body  is  carried  lower. 

Bunning^  differs  from  walking  in  the  circumstance 
that  for  a  short  interval  both  feet  are  off  the  ground 
together,  and  the  body  is  in  the  air.  The  active  leg  is 
more  bent  at  first,  and  is  then  straightened  with  a 
force  that  corresponds  with  rapidity  of  movement. 

Lieaping'.— ^In  leaping,  the  hip,  knee,  and  ankle 
joints,  previously  bent  in  opposite  directions,  are  sud- 
denly extended,  both  leaving  the  ground  at  the  same 
time.  The  muscular  effort  made  is  more  than  is 
sufficient  to  straighten  the  limbs,  and  an  impulse  is 
therefore  imparted  to  the  centre  of  gravity  of  the 
body^  which  is  thus  propelled  in  the  manner  of  a  pro- 
jectile in  the  mean  direction  of  the  joints  which  are 
thus  extended* 
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CHAPTER  Xiy. 

THE  NERVOUS  SYSTEM. 

Nervous  tissue  ig  composed  of  nerve  cells  and 
nerve  fibres,  which  are  processes  given  off  from  the 
cells.  In  the  central  parts  of  the  nervous  system, 
such  as  the  brain  and  spinal  cord,  the  cells  are  accu- 
mulated in  large  numbers,  and  are  imbedded  in  a 
finely  fibrous  substance  termed  neuroglia  or  reticulum. 
It  is  well  supplied  with  blood-vessels,  and  the  smaller 
vessels  are  accompanied  by  lymphatic  sheaths. 

The  cells  and  the  fibres  are  organically  continuous 
with  one  another,  and  impressions  affecting  the  one 
are  propagated  to  the  other ;  but  these  functions  are 
so  far  different  that  whilst  the  nerve  cells  act  as 
receivers  of  impressions  and  as  originators  of  impulses, 
the  nerve  fibres  are  the  only  conductors  which  transmit 
impressions  from  the  periphery  towards  the  cells,  or 
from  the  cells  to  the  periphery.  The  parts  of  the  cerebro- 
spinal nervous  system  are  the  spinal  cord  and  its  con- 
tinuation upwards,  the  medulla  oblongata ;  the  pons  ;  a 
chain  of  ganglionic  masses  situated  at  the  base  of  the 
brain ;  the  cerebrum  ;  the  cerebellum  ;  and  the  various 
nerves  that  originate  in,  or  are  indirectly  connected 
with,  these  several  parts.  Before  describing  the 
functions  of  the  centres  of  the  nervous  system  it  is 
necessary  to  make  some  general  observations  on  the 
characters  and  properties  of  nerve  tissue  in  general, 
and  of  the  mode  in  which  it  can  be  excited  into  action. 

Chemistry  of  the  nervous  system^  —  The 
nerves  are  essentially  composed  of  protoplasm,  that  is 
to  say,  of  a  proteid  substance,  and  of  fat  compounds. 
The  grey  matter  which  forms  the  outer  part  of  the 
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brain  and  the  inner  part  of  the  spinal  cord  contains  a 
larger  proportion  of  water  than  the  white  substance, 
the  proportion  being  about  83  per  cent,  in  the  grey 
substance  and  68  per  cent,  in  the  white.  When  dried 
at  a  gentle  heat  the  grey  nervous  matter  yields  about 
55  per  cent,  of  albumin  and  gelatin,  17  of  lecithin, 
28  of  cholesterin,  fats,  extracts,  and  salts.  The  dry 
substance  of  the  white  matter  of  the  brain  and  spinal 
cord  yields  only  25  of  albumin  and  gelatin,  10  of 
lecithin,  52  of  cholesterin  and  fats,  3*3  of  substances 
insoluble  in  ether,  and  0*6  of  salts.  Of  the  salts, 
those  of  potassium  and  phosphoric  acid  greatly  pre- 
ponderate. The  albuminous  or  proteid  compounds  of 
nervous  tissue  in  part  resemble  myosin,  in  part  casein, 
and  a  form  of  globulin.  The  albuminoids  are  nuclein 
and  neuro-keratin.  The  principal  mass  of  the  brain 
is  considered  by  Liebreich  to  be  composed  of  protagon, 
which  is  a  proteid  containing  both  nitrogen  and  phos- 
phorus. Others  regard  protagon  as  composed  of 
lecithin,  which  contains  the  phosphorus,  and  cerebrin. 
Cerebrin,  O^^IIggNOg,  is  a  glucoside,  and  is  chiefly 
contained  in  the  white  substance.  Both  cerebrin  and 
lecithin  are  soluble  in  hot  alcohol  and  ether.  The 
extractives  include,  amongst  other  substances,  xanthin 
and  hypoxanthin,  kreatin,  inosite,  leucin,  and  lactic 
acid.  The  reaction  of  nervous  tissue  at  rest  is  either 
neutral  or  feebly  alkaline;  but  when  excited  to  action, 
and  after  death,  it  becomes  acid,  apparently,  as  in  the 
case  of  muscular  tissue,  owing  to  the  development  of 
lactic  acid. 

The  cohesion  of  nerve  fibres  is  very  small,  but  when 
bound  together  with  connective  tissue  to  form  nerve 
cords  they  present  considerable  resistance  to  rupture  \ 
so  that  in  the  operation  of  nerve- stretching  a  tensive 
force  of  upwards  of  80  lbs.  can  be  applied  to  such  a 
nerve  as  the  sciatic  without  rupture,  though  care 
should  of  course  be  exercised  in  Such  proceedings. 


Chap.  XIV.] 


Nerve  Stimuli, 


321 


The  nerves  possess  little  or  no  elasticity ^  so  that  when 
cleanly  divided  the  ends  remain  in  apposition. 

Nerve  stimuli. — Nervous  tissue  may  be  regarded 
as  matter  in  a  very  unstable  state  of  chemical  com- 
position ;  and  hence  the  application  of  various  external 
agents,  named  stimuli^  causes  it  to  readily  undergo  de- 
composition. These,  as  in  the  case  of  muscle,  may  be 
mechanical,  chemical,  thermic,  or  electric,  or  they  may 
be  waves  or  impulses  transmitted  from  other  cells., 
The  effect  of  the  stimulus  is  to  alter  the  composition 
of  the  cell  substance  and  to  liberate  force.  A  certain 
suddenness  of  application,  or  sudden  change  of  in- 
tensity, is  requisite  for  any  stimulus  to  excite  a  nerve ; 
so  that  if  it  be  applied  with  extremely  gradual 
increments  of  intensity,  beginning  from  0,  it  may  be 
augmented  till  the  nerve  is  destroyed  without  producing 
any  noticeable  effect. 

Mechanical  stimilli.— The  mechanical  stimuli 
acting  upon  nerves  may  be  of  various  kinds,  such  as 
a  blow,  or  succession  of  blows,  pressure,  traction, 
puncture,  and  division.  If  these  act  on  a  sensory 
nerve  they  give  rise  to  impulses,  which,  travelling 
centripetally  along  different  nerves,  produce  charac- 
teristic sensations,  which  experience  enables  us  to 
localise.  If  they  act  on  a  motor  nerve  the  impulse^ 
travelling  centrif  ugally  excite  contraction  in  the  muscle 
they  supply,  or  secretion  in  the  gland  to  which  they 
are  distributed.  The  smallest  mechanical  stimulus 
which  can  be  perceived  is  that  produced  by  the  fall  of 
900  milligi*ammes  through  a  height  of  one  millimetre. 
Slight  pressure  or  extension  of  nerve  fibres  increases 
their  excitability,  whilst  strong  stimuli  exhaust  them. 
The  increased  excitability  in  the  former  case  soon  dis- 
appears, and  in  the  latter  case,  though  the  part  struck 
or  injured  loses  its  excitability,  the  whole  nerve  is  not 
exhausted,  since  the  application  of  the  stimulus  at  a 
lower  point  produces  nearly  the  same  effect  as  before. 
V— 5.  .  ^ 
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The  transmission  of  impulses  along  a  nerve  does  not 
appear  to  be  attended  with  fatigue,  for,  as  Bowditch 
has  shown,  if  a  motor  nerve  be  continuously  stimulated 
for  as  long  a  period  as  four  hours  in  an  animal  under 
the  influence  of  curare,  the  muscle  supplied  by  it  will 
begin  to  contract  as  soon  as  the  poison  is  eliminated 
from  the  system.  When  persistent  pressure  is  made 
upon  a  motor  and  a  sensory  nerve  simultaneously,  the 
excitability  of  the  motor  nerve  is  first  lost. 

Tbermic  stimuli.— A  sudden  elevation  of  tem- 
perature or  a  sudden  depression  acts  as  a  stimulus  to 
nerves.  Within  moderate  limits  heat  augments  and 
cold  depresses  their  excitability.  Exposlire  of  the 
nerves  of  a  frog  to  a  temperature  of  50°  C.  (122°  F.), 
after  first  exalting,  quickly  abolishes  the  irritability 
of  nerve.  Nerves  which  have  been  gradually  frozen 
and  slowly  thawed  preserve  their  irritability  for  a 
long  time. 

Chemical  stimuli.— These  act  upon  the  nerves 
when  of  sufficient  strength  to  elffect  a  rapid  alteration 
in  their  composition.  The  motor  nerves  are  more 
readily  acted  on  than  the  sensory,  in  which  respect 
chemical  differ  from  thermic  stimuli,  which  more 
readily  act  on  the  motor  nerves.  Rapid  withdrawal 
of  water  from  a  nerve,  as  by  folding  it  in  blotting- 
paper,  or  exposure  to  a  very  dry  air,  acts  as  a  stimulus 
to  it.  Strong  solutions  of  the  neutral  salts  of  the 
alkaline  metals  constitute  stimuli ;  common  salt, 
however,  acts  only  on  the  motor  nerves.  Free  acids, 
with  the  exception  of  phosphoric  acid,  the  alkalies, 
many  organic  acids,  and  most  of  the  salts  of  the  heavy 
metals,  act  vigorously.  Much  stronger  solutions  of 
the  acids  are  required  than  of  the  alkalies  ;  the  latter 
are  still  effective  when  in  strength  not  exceeding  0*5 
per  cent.  Such  dilute  solutions  first  augment  the 
excitability  and  then  depress  it.  Dilute  alcohol, 
ether,  chloroform,  bile/  and  the  biliary  salts,  and  sugar. 
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all  act  as  stimuli.  They  usually  first  induce  convul- 
sions and  then  cause  death  of  the  nerves.  Lime-water, 
carbon  bisulphide,  and  some  others  kill  the  nerve 
without  exciting  convulsions.  Carbolic  acid,  if  ap- 
plied to  the  spinal  cord,  produces  spasms ;  but  if  to 
the  nerves,  kills  them  without  producing  convulsions. 
The  last-mentioned  substances  act  as  excitants  to 
muscle  when  directly  applied  to  it.  Tannic  acid  acts 
neither  on  nerve  nor  muscle. 

Physiolog^ical  stimuli.— The  nature  of  these 
is  unknown^  but  they  may  act  on  the  afferent  nerves, 
as  in  the  various  sensations,  or  on  the  efferent  nerves, 
producing  either  motion,  or  the  inhibition  of  motion, 
or  secretion. 

Ulectfical  stimuli,— Electrical  currents  may  be 
applied  to  nerves  either  in  the  form  of  the  constant  or 
of  the  induced  current,  and  the  effects  differ  in  some 
particulars*  In  the  case  of  the  constant  current  ap- 
plied to  motor  nerves,  contraction  only  takes  place  at 
the  moment  when  the  current,  of  which  the  nerve 
forms  a  part,  is  either  made  or  broken.  During  its 
steady  passage  no  contraction  occurs  when  weak,  but 
with  a  certain  moderate  strength  of  current  the  musble 
may  be  thrown  into  permanent  tetanus,  a  condition 
that  is  sometimes  termed  "galvanotonus."  Very  little 
effect  or  none  is  produced  when  a  current  is  made  to 
pass  transversely  across  a  nerve.  It  must,  to  produce 
contraction,  pass  through  it  in  a  longitudinal  direction; 
and  the  longer  the  portion  of  nerve,  the  weaker  is  the 
current  required  to  produce  a  given  effect.  A  certain 
duration  of  the  current  is  necessary  j  if  it  is  briefer 
than  YoVoo^^s  ^  second,  no  effect  follows.  In  the 
case  of  constant  current  applied  to  sensory  nerves,  the 
stimulating  effect  is  also  most  marked  at  the  moment 
of  closing  and  opening  the  current,  the  sensation  being 
comparatively  slight  during  the  passage  of  a  current  of 
uniform  density,    A  greater  effect  is  produced  by  an 
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electrical  current  of  a  given  strength  when  it  is  applied 
near  the  nerve  centres  than  when  it  is  applied  to  some 
part  near  the  periphery,  and  it  has  been  supposed  that 
the  wave  of  excitation  as  it  travels  downwards  gathers 
strength  like  an  avalanche ;  but  this  effect  is  only  ob- 
served with  electrical  and  not  with  chemical  stimuli. 
Kerve  tissue  responds  more  readily  to  feeble  currents 
of  electricity  than  muscle,  and  some  nerves,  as,  for 
example,  those  supplying  the  flexors  of  the  leg  in  the 
frog,  are  more  easily  excited  than  others,  as  the  ex- 
tensors. The  contact  of  a  single  pole  of  a  battery,  by 
disturbing  the  electric  relation  of  the  nerve,  will  pro- 
duce contraction,  which  is  then  called  unipolar  in- 
duced action." 

Action  of  induced  currents.— Induced  or  in- 
terrupted currents  of  electricity  act  very  powerfully 
upon  the  nerves ;  and  when  the  interruptions  of  the 
current  applied  to  a  motot  nerve  exceed  a  certain 
number  in  the  second,  the  muscle  supplied  usually 
passes  into  a  state  of  tonic  contraction  known  as 
tetanus. 

Conditions  oj  vitality  of  the  nerves  and  grey 
matter. — The  nerves  are  remarkably  independent  of 
the  circulation.  A  small  nel*ve  of  a  mammal  will 
continue  to  react  on  stimulation  for  several  hours, 
even  when  isolated  from  the  adjoining  tissues,  and 
without  any  circulation  of  blood,  providing  that  it  is 
preserved  fi*om  desiccation,  and  that  circulation  still 
continues  in  the  proximal  extremity  of  an  afiferent  and 
in  the  distal  extremity  of  an  efferent  nerve.  The 
nerves,  therefore,  are  very  resistent  of  change;  the 
grey  matter  of  the  nervous  system  is^  however,  very 
much  more  susceptible,  since  the  cessation  of  the  cir^ 
culation  for  a  minute  or  two  abolishes  its  functions. 
Syncope  can  be  almost  instantaneously  produced 
by  simultaneous  ligation  or  compression  of  the 
two  common  carotids  and  the  two  vertebrals,  and 
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temporary  loss  of  vision  can  easily  be  induced  by  pres 
sure  on  the  globe  of  the  eye.  If  a  motor  nerve  of  a 
mammal,  with  its  muscle,  be  separated  from  the  body, 
and  its  temperature  is  maintained  whilst  its  desicca- 
tion is  prevented,  contraction  of  the  muscle  occurs  on 
stimulation  of  the  nerve  for  about  half  an  hour ;  and 
when  this  has  ceased,  the  muscles  will  still  respond  to 
direct  stimulation,  which  is  a  proof  that  the  loss  of 
excitability  is  due  to  changes  in  the  nerve  and  not  in 
the  muscle. 

Eilfects  of  section  of  nerves. — If  either  an 
afferent  or  an  efferent  nerve  be  divided,  it  ceases  at 
once  to  be  capable  of  discharging  its  function  as  a 
conductor.  Motor  impulses,  in  the  case  of  efferent 
nerves,  can  no  longer  be  transmitted  to  muscle  or 
gland ;  and,  in  the  case  of  afferent  nerves,  sensory 
stimuli  applied  to  the  nerve  beyond  the  point  of 
section  are  no  longer  conducted  to  the  nerve  centres. 
Microscopical  examination  shows  that  after  section 
profound  changes  in  the  structure  of  the  nerve  take 
place ;  the  nerve  becomes  softer,  and  its  axis  cylinder 
and  medullary  sheath  break  up  into  droplets.  After 
a  variable  interval  these  parts  undergo  atrophy,  the 
fibrous  tunic  alone  remaining.  This  traumatic  de- 
generation affects  chiefly  or  exclusively  that  portion 
of  the  nerve  which  is  severed  from  the  cell  or  trophic 
centre  from  which  it  takes  origin,  the  portion  re^ 
maining  attached  to  the  cell  undergoing  little  or  no 
change.  Observation  of  the  parts  of  the  fibre  above 
and  below  the  point  of  section  sometimes  throws  much 
light  on  the  origin  of  the  fibres,  as  will  be  seen  in 
considering  the  roots  of  the  spinal  nerves. 

Reg-eneration  of  nerves. — If  the  two  extre- 
mities of  a  divided  nerve  be  placed  in  apposition, 
even  when  a  considerable  time  has  elapsed,  they  will 
cohere,  and  their  function  may  be  re-established  ;  and 
it  is  found  that  in  the  regeneration  of  mixed  nerves 
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the  sensory  fibres  first  recover  their  function,  and  then 
those  which  conduct  motor  impulses  :  so,  in  cases  of 
paralysis,  the  sensibility  of  the  arm  or  leg  returns  long 
before  the  patient  is  capable  of  calling  any  of  the 
muscles  voluntarily  into  play. 

Electric  currents  iu  nerve. — Just  as  in  the 
case  of  muscle,  so  with  perfectly  fresh  nerve  as  it 
exists  in  the  living  body  it  is  doubtful  whether  any 
electrical  current  exists.  The  currents,  however,  which 
can  be  demonstrated  in  nerves  removed  from  the 
body  are  similar  to  those  which  can  be  shown  to  exist 
in  muscle,  and  which  have  been  noticed  on  page  309. 

Physiological  rheoscope. — This  is  a  pre- 
paration of  a  frog,  in  which  the  longitudinal  and 
transverse  sections  of  the  gastrocnemius  are  connected 
by  any  moist  conductor ;  as  soon  as  the  sciatic  nerve 
of  a  frog,  which  is  isolated,  but  still  in  connection 
with  the  lower  leg,  is  placed  on  this,  a  contraction  of 
its  gastrocnemius  follows,  and  the  same  occurs  when 
the  sciatic  is  raised. 

Ritter-Valli^s  law.— ^If  a  nerve  be  divided,  or 
if  the  centre  is  destroyed,  the  nerve,  beginning  at  the 
central  end,  is  rendered  more  excitable  throughout ; 
its  excitability  then  diminishes  till  it  becomes  totally 
extinct.  In  cases  of  divided  nerves  the  loss  of  excit- 
ability takes  place  much  more  quickly  in  the  part 
connected  with  the  » centre  than  in  the  peripheral 
portion. 

I}lectrotonus. — If  a  constant  current  be  made 
to  traverse  a  portion  of  the  length  of  either  a  motor 
or  sensory  nerve,  not  only  the  part  between  the  poles 
or  "  intrapolar  "  area,  but  the  rest  of  the  nerve,  both 
above  and  below,  undergoes  a  change.  The  current 
is  called  a  polarising  current ;  the  change  is  that  the 
nerve  is  thrown  into  a  condition  termed  electro  tonus. 
The  excitability  of  that  portion  of  the  nerve  which  is 
situated  near  the  positive  pole  is  lowered,  whilst  the 
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excitability  of  that  portion  which  is  near  the  negative 
pole  is  exalted.  This  change  may  be  shown  by  the 
application  of  any  stimulus  to  the  parts  in  question. 
Thus,  if  an  electric  current  be  used,  a  weaker  current 
is  required  to  produce  the  same  effect  if  applied  in 
the  neighbourhood  of  the  negative  as  compared  with 
that  required  near  the  positive  pole.  The  condition 
of  the  nerve  on  both  sides  of  the  positive  pole  is 
termed  anelectrotonus,  and  on  both  sides  of  the 
negative  pole,  cathelectrotonus.  There  is,  with 
moderately  strong  constant  currents,  a  neutral  region 
in  the  intrapolar  area  at  which  the  excitability  of  the 
nerve  is  neither  increased  nor  diminished.  With  weak 
currents  this  indifferent  point  is  nearer  the  anode 
or  positive  pole ;  with  strong,  nearer  the  cathode  or 
negative  pole  of  the  constant  current.  The  nerve  ex- 
periences a  stimulus  at  the  moment  when  a  current 
is  closed  and  at  the  moment  when  it  is  opened,  that 
is,  at  the  moment  when  electrotonus  is  established  and 
when  it  disappears ;  on  closure  of  the  current  this  sti- 
mulus occurs  at  the  cathode  alone,  or  at  the  moment 
when  cathelectrotonus  is  established ;  on  opening  the 
current  the  stimulus  occurs  at  the  anode  alone,  or  at 
the  moment  when  anelectrotonus  is  established.  Of 
these  two  stimuli,  that  caused  by  the  establishment  of 
cathelectrotonus  acts  more  powerfully  than  that  caused 
by  the  disappearance  of  anelectrotonus.  The  con- 
traction of  muscle  resulting  from  closure  and  opening 
of  the  current  transmitted  through  a  nerve  differs 
with  the  direction  and  the  strength  of  the  current. 
Yery  weak  currents,  whether  directed  upwards  or 
downwards,  only  produce  contraction  on  closure  of  the 
current^  for  the  disappearance  of  electrotonus  is  then  so 
feeble  a  stimulus  that  the  nerve  scarcely  reacts.  With 
currents  of  medium  strength  contraction  occurs  both 
with  the  ascending  and  with  the  descending  current 
on  opening  and  on  closure.    Yery  strong  descending 
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carrents  cause  contraction  only  with  closure  of  the 
current.  The  opening  current  fails  because  nearly 
the  whole  intrapolar  area  is  rendered  incapable  of 
conduction.  Very  strong  ascending  currents  present 
only  contraction  on  opening,  on  the  same  ground. 

The  following  table  may  perhaps  serve  to  render 
the  action  of  currents  of  varying  intensity  more 
manifest  : 


Law  of  Spasm  or  Contraction. 


Strength  of 
Current. 

Ascending  Current. 

Descending  Current. 

Weak    .       .  1 
Moderate       .  | 
Strong  .       .  1 

Closure,  contraction. 
Breaking,  rest. 
Closure,  contraction. 
Breaking,  contraction. 
Closure,  rest. 
Breaking,  contraction 

Closure,  contraction. 
Breaking,  rest. 
Closure,  contraction. 
Breaking,  contraction. 
Closure,  contraction. 
Breaking,  rest. 

The  effects  of  stimuli  on  afferent  nerves  are  diffi- 
cult to  investigate.  The  method  adopted  is  to  induce 
extreme  reflex  irritability  by  means  of  strychnia,  in 
order  that  peripheral  stimuli  may  readily  induce  tetanic 
muscular  contractions.  The  same  laws  appear  to  hold 
good. 

Functions  of  nerves. — The  different  nerves 
may  be  divided  into  definite  groups,  which  have 
certain  features  in  common,  whilst  they  present  minor 
differences.    The  chief  groups  are  : 

(1)  The  efferent  or  centrifugally  conducting  nerves, 
which  include  : 

a.  Motor  nerves  for  the  striated  muscles. 
I,  Motor  nerves  for  the  smooth  muscles. 

L     f  Yaso-constrictor. 
c.  Vaso-motor  |  Cardio-accelerator. 
J  'XT      '  -u-vA       (  Cardio-inhibitory. 


e.  Secretory, 
/.  Trophic. 
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(2)  The  centripetally  conducting  nerves,  which 
include, 

a.  Nerves  of  common  sensation. 
h.  Nerves  of  special  sense. 

c.  Nerves   ministering  to  reflex  action,  or  excito- 

motor  nerves. 

d.  Nerves  of  muscle  sense. 

(3)  Inter  central  fibres. 

The  functions  of  these  nerves  are  determined  by 
the  terminal  apparatus  and  special  structures  with 
which  they  are  connected  at  their  extremities.  The 
effects  observed,  for  example,  when  a  motor  nerve  is 
stimulated  are  due  to  its  distribution  to  muscle  and 
connection  with  a  motor  nerve  cell  ;  and  when  a  nerve 
of  common  sensation  is  stimulated,  to  its  distribution 
to  the  skin  at  one  end  and  to  a  sensory  nerve  cell  at 
the  other.  The  intimate  relation  between  nerve  and 
muscle  is  shown  by  the  fact  that  cells  have  been 
found,  one  part  of  which  is  sensory  while  the  other  is 
contractile. 

Mode  of  determining^  the  function  of  a, 
nerve. — If  a  hitherto  undescribed  nerve  were  dis- 
covered in  the  body,  its  function  would  be  determined 
by  a  consideration  both  of  its  anatomical  origin  and 
distribution  and  of  its  physiological  characters.  In 
regard  to  its  anatomical  disposition,  it  would  be 
noticed  whether  it  sprang  from  a  tract  giving  origin 
to  other  known  afferent  or  efferent  nerves,  and  from 
large  or  small  ganglion  cells,  and  whether  it  was  dis- 
tributed to  muscle,  gland,  or  to  some  organ  of  special 
sense.  In  regard  to  its  physiological  characters,  it 
would  be  subjected  to  experiment  ;  the  effects  of 
stimulation  at  some  part  of  its  course  would  be 
observed  ;  it  would  be  divided,  and  the  effects  of 
division,  both  immediate  and  remote,  would  be  noticed  ; 
the  peripheric  stump  would  be  stimulated  with  elec- 
trical currents,  or  other  stimuli,  and  the  results  of  such 
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irritation  carefully  noted,  that  is  to  say,  whether 
muscle  contracted,  or  gland  secreted,  or  some  change 
occurred  in  the  structure  or  function  of  the  organs  to 
which  it  had  been  ascertained,  by  anatomical  investi- 
gation, to  be  distributed ;  the  proximal  stump  of  the 
divided  nerve  would  be  similarly  stimulated,  and  the 
effects  observed  ;  and  lastly,  the  changes  in  the  struc- 
ture of  the  nerve  above  and  below  the  point  of  section 
would  be  carefully  examined,  under  the  microscope,  to 
determine  the  kind  and  degree  of  degeneration  that 
has  been  established  by  the  lesion.  The  adoption  of 
these  measures  has  shown  that  the  purposes  fulfilled 
by  nerves,  or  their  functions^  differ  remarkably. 

AflTerent  or  sensory  nerves.  —  These  are 
divided  into  nerves  of  common  sensation  and  nerves 
of  special  sense.  When  traced  in  a  peripheral  direc- 
tion, the  nerves  of  common  sensation  are  found  to 
terminate  chiefly  in  the  skin.  The  evidence  on  which 
the  function  of  a  nerve  is  determined  to  be  sensory  is, 
that  if  it  be  divided  there  is  loss  of  sensation  in  the 
parts  to  which  it  is  distributed  :  stimulation  of  the 
distal  extremity  is  without  effect ;  stimulation  of  the 
proximal  end  produces  pain  and  reflex  movements. 
The  nerves  of  special  sense,  including  those  ministering 
to  vision,  hearing,  taste,  and  touch,  will  be  subse- 
quently considered. 

Motor  nerves. — Motor  nerves  are  those  which 
are  distributed  to  muscle,  and  incite  it  to  contract. 
The  motor  nerves  of  the  body  generally  spring  from 
the  spinal  cord  or  its  continuation  upwards  in  the 
medulla  oblongata  and  brain.  On  section  of  any 
motor  nerve,  the  muscles  supplied  by  it  cease  to  be 
under  the  influence  of  the  will,  or  become  paralysed. 
Stimulation  of  the  proximal  end  of  the  divided  nerve 
is  without  effect  ;  stimulation  of  the  distal  end  causes 
contraction  of  the  muscle  until  degeneration  of  the 
nerve  has  taken  place. 
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Recurrent  sensibility.— It  has  been  said  that 
after  division  of  a  motor  nerve,  stimulation  of  the 
proximal  portion  is  without  effect ;  that  is  to  say, 
that  it  produces  neither  motion  nor  pain.  But  this  is 
not  strictly  correct ;  for  if  the  motor  root  of  one  of 
the  spinal  nerves  be  divided,  and  a  stimulus  applied 
to  the  cut  surface  of  the  distal  portion,  some 
pain  is  felt.  It  is  believed  that  this  is  due  to 
recurrent  fibres  of  the  sensory  root,  which,  after 
having  joined  the  motor  root,  instead  of  going  as 
usual  to  the  periphery,  revert  to  the  spinal  cord,  and 
enter  it  by  the  motor  root,  since,  if  the  corresponding 
sensory  root  be  divided,  the  sensibility  of  the  motor 
root  is  lost.  It  has  even  been  shown  that  the  peri- 
pheral mixed  nerves  have  some  degree  of  recurrent 
sensibility.  Thus  if  the  median  nerve  be  divided,  it 
is  found  that,  after  a  few  hours,  the  distal  stump 
possesses  sensibility.  The  sensory  fibres,  therefore, 
which  run  in  the  median  nerve  cannot  all  terminate 
in  the  periphery,  but  some  of  them  must  turn  back 
and  ran  in  a  recurrent  direction  in  the  ulnar  or 
musculo-spiral  nerves. 

Secretory  nerves.— This  term  is  applied  to 
those  nerves  which,  when  stimulated,  excite  secretion. 
The  best-known  examples  are  those  of  the  chorda 
tympani,  which,  when  stimulated,  causes  a  flow  of  saliva 
from  the  submaxillary  and  sublingual  glands ;  the 
nervus  petrosus  superficialis  minor,  which  is  a  branch 
of  the  glosso-pharyngeal,  and,  after  entering  the  otic 
ganglion,  joins  the  auriculo-temporal  nerve,  and  is 
distributed  to  the  parotid  gland ;  when  stimulated,  it 
excites  the  parotid  to  secrete  saliva ;  the  lachrymal 
and  suhcutaneus  malm,  which,  when  stimulated, 
cause  a  flow  of  tears  ;  the  nerves  exciting  the  sweat- 
glands  to  secrete ;  and  those  distributed  to  the 
mammary  gland. 

Traphic  nerves,— The  belief  in  the  existence  of 
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trophic  nerves,  or  nerves  ministering  to  the  nutrition 
of  a  part,  has  been  chiefly  derived  from  observation  of 
the  effects  of  lesion  of  nerves  (Boulby).  Thus  if  the 
fifth  nerve  be  divided  in  the  skull,  it  is  found  that, 
after  six  or  eight  days,  inflammation  of  the  cornea  sets 
in,  and  the  whole  eye,  becoming  gradually  involved, 
is  lost ;  and  it  is  supposed  that,  the  influence  of  the 
nerves  having  been  removed  by  the  section,  the  nutri- 
tion of  the  tissues  is  interfered  with,  and  they  die. 
But  it  has  been  pointed  out  that  another  explanation 
may  be  given  of  the  phenomenon,  and  that  whereas 
in  healthy  conditions  the  surface  of  the  eye  is 
acutely  sensitive,  and  the  contact  of  foreign  bodies  is 
prevented  either  by  movements  of  the  head,  or  by 
closure  of  the  lids,  and  flow  of  tears ;  after  section  of 
the  fifth  nerve  the  sensibility  is  entirely  lost,  and 
particles  of  dust,  organic  ferments,  and  germs  of 
various  kinds,  may  easily  adhere  to  the  surface, 
whilst  no  sensation  of  dryness  being  conducted  to 
the  centres  of  the  fifth  and  seventh  nerves,  the 
lids  are  not  duly  closed  when  required,  and  the 
cornea  desiccates.  In  proof  of  this  it  is  asserted, 
first,  that  similar  changes,  though  of  a  less  serious 
character,  because  the  vaso-motor  nerves  are  not 
implicated,  may  be  observed  when,  from  paralysis  of 
the  seventh  nerve,  the  lids  are  kept  permanently 
open ;  and,  secondly,  that  if  the  cornea  be  pre- 
served from  the  injurious  action  of  foreign  bodies  by 
luting  a  watch-glass  over  the  eye,  the  inflammatory 
symptoms  may  be  prevented  from  occurring,  and  cured 
if  they  have  commenced.  And  this  explanation  would 
to  some  extent  hold  for  the  other  cases. 

Inhibitory  nerves.— This  term  is  applied  to 
nerves  which  arrest*  or  prevent  action.  The  brain 
exerts  an  inhibitory  power  over  reflex  actions  in  gene- 
ral. Thus  it  is  natural  to  start,  or  move  the  body  or 
limbs,  from  any  sudden  stimulus,  as  a  cut  or  burn  ; 
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but  the  will  can  overpower  this  movenaenfc,  and  main- 
tain the  limb  in  position  notwithstanding  the  pain. 
In  the  case  of  the  frog  an  inhibitory  centre  has  been 
surmised  to  exist  in  the  optic  lobes,  since,  if  these 
are  stimulated,  reflex  movements  of  the  limbs,  that 
by  appropriate  stimuli  could  otherwise  be  induced, 
are  inhibited.  The  best  examples  of  inhibition  are 
the  action  of  the  vagus  nerve  on  the  heart  and  the 
action  of  the  splanchnics  on  the  movements  of  the 
intestine.  When  the  vagus  is  stimulated,  the  heart 
stops  in  diastole.  The  mode  in  which  inhibitory 
impulses  act  is  not  clearly  understood ;  but  it  may 
be  conceived  that  impulses  coming  from  one  centre 
counteract  or  suppress  those  which  are  about  to 
be  liberated  from  another,  just  as  two  beams  of 
polarised  light  of  equal  intensity,  when  meeting 
under  a  certain  angle,  occasion  darkness. 

Taso-dilator  nerves.— The  best  examples  of 
these  are  seen  in  the  nerves  distributed  to  glands  and 
to  the  erectile  organs.  In  the  case  of  the  salivary 
glands,  the  blood,  when  the  gland  is  at  rest,  flows 
from  an  opened  vein  slowly  and  with  its  usual  dark 
colour ;  but  when  the  nerves  containing  the  vaso- 
dilating fibres  are  stimulated,  the  arteries  distributed 
to  the  gland  enlarge,  and  the  resistance  to  the  passage 
of  blood  through  the  gland  falls  so  remarkably  that 
the  speed  of  the  venous  current  is  greatly  augmented, 
and  presents  arterial  pulsation,  whilst  the  colour  of 
the  venous  blood  is  as  bright  as  that  contained  in  the 
arteries.  This  change  in  the  activity  of  the  circulation 
is  not  necessarily  accompanied  by  increased  secretion. 
Similar  phenomena  may  be  seen  in  the  erectile  organs^ 
but  it  is  not  known  how  the  dilatation  is  effected.  It 
is  possible,  indeed  probable,  that  it  is  the  effect  of 
an  inhibitory  action  on  the  constrictor  muscles  of  the 
vessels. 

Vaso-moto'r  nerves.— These  fibres  might  with 
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propriety  be  termed  vaso-constrictor  fibres.  They 
have  for  their  function  the  contraction  of  the  smaller 
arteries.  The  vaso-motor  fibres,  though  primarily 
originating  in  the  cells  of  the  anterior  cornu  of  the 
spinal  cord,  run  in  the  sympathetic  nerves,  and,  like  the 
vaso-dilator  nerves,  have  been  particularly  studied  in 
the  salivary  glands  and  in  the  vessels  of  the  ear.  On 
stimulation  of  these  fibres,  the  arteries  contract,  the 
supply  of  blood  is  greatly  diminished,  the  veins  return 
but  little  dark-coloured  blood,  and  the  temperature 
of  the  part  falls ;  and  in  the  case  of  the  gland  the 
secretion  is  checked  and  altered  in  quality.  There  is 
little  doubt  that  each  gland  has  its  vaso-constrictor 
and  its  vaso-inhibitory  fibres,  but  it  is  not  practicable 
in  most  instances  to  isolate  them. 

Frey's  experiments  show  that  if  the  vaso-constrictor 
and  the  vaso-inhibitory  fibres  distributed  to  any  organ 
be  simultaneously  stimulated,  the  action  of  the  vaso- 
constrictor fibres  predominates  over  that  of  the  others  ; 
whilst,  on  the  contrary,  when  the  stimulation  has 
ceased  to  be  applied,  the  vaso-inhibitory  fibres  exert 
their  action. 

Rapidity  of  <^oiidiictioii  in  nerves. — The 

mode  in  which  this  has  been  determined  consists,  in 
the  case  of  the  frog,  in  isolating  as  long  a  portion  as 
possible  of  the  sciatic  nierve,  and  applying  a  stimulus 
first  to  the  end  of  the  nerve  most  remote  from  the 
gastrocnemius,  and  then  to  the  part  which  is  nearest 
to  the  muscle,  and  obtaining  simultaneous  tracings 
with  a  rapidly-revolving  cylinder,  or  with  the  pendu- 
lum myograph,  of  the  moment  when  the  current  is 
applied,  and  of  the  contraction  of  the  muscle.  The 
rapidity  of  conduction  in  motor  nerves  is  aboUt  111 
feet  per  second  in  man.  It  is  retarded  by  cold,  and  by 
the  condition  of  anelectrotonus,  and  in  motor  nerves 
by  curare.  It  is  augmented  by  warmth,  by  an 
increase  in  the  strength  of  the  stimulus,  and  by  the 
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establishment  of  cathelectrotonus.  In  man  the  con- 
traction of  the  muscles  of  the  thumb  has  been  used  for 
experimental  purposes,  the  nerve  stimulus  having  been 
applied  at  one  time  to  the  median  nerve  in  the  axilla, 
and  at  another  to  the  same  nerve  at  the  wrist.  When 
a  stimulus  is  transmitted  through  a  nerve,  it  is  found 
that  the  part  of  the  nerve  through  which  it  is  made 
to  pass  exercises  considerable  influence  on  the  rapidity 
of  conduction.  This  was  first  shown  by  Munk,  who 
stimulated  the  motor  nerve  of  a  frog  in  three  places, 
and  found  that  with  equal  length  of  nerve  the  portion 
between  the  middle  and  lower  points  of  stimulation 
conducted  twice  as  rapidly  as  that  between  the  upper 
and  middle  point.  The  rapidity  with  which  impres- 
sions are  conducted  through  sensory  nerves  has  been 
givenverydiflerently  by  different  observers,  and  even  by 
the  same  observer  experimenting  on  different  persons. 
Thus  Kohlrausch  found  the  extremes  of  the  rapidity 
of  conduction  of  sensory  impressions  to  be  184  and 
738  feet  per  second.  The  mean  of  all  his  experiments 
gave  308  feet.    De  Jaager  believed  it  to  be  85  feet. 

Conduction  in  both  directions. — It  may  be 
taken  as  certain  that  when  either  a  nerve  of  common 
sensation  or  a  motor  nerve  is  stimulated,  the  stimulus 
is  propagated  in  both  directions ;  so  that  a  wave 
travels  not  only  downwards  in  a  motor  and  upwards 
in  a  sensory  nerve,  but  upwards  in  a  motor  and 
downwards  in  a  sensory  nerve.  The  nerves  are,  in 
fact,  only  conductors,  and  the  effect  produced  when 
they  are  stimulated  depends  upon  the  nature  of  the 
organ  with  which  they  are  connected  at  their  termina- 
tion. Thus,  if  the  hypoglossal  and  lingual  nerves, 
where  they  are  in  close  contiguity  to  each  other,  be 
divided,  and  the  peripheral  extremity  of  the  hypo- 
glossus  be  united  by  a  suture  with  the  central  end  of 
the  lingualis,  when  union  has  taken  place  contractions 
of  the  muscles  of  the  tongue  can  be  produced  by 
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stimulation  of  the  lingualis.  The  stimulus  must  here 
be  propagated  in  the  opposite  direction  to  that  which 
is  natural  in  the  sensory  lingual  nerve.  Similar 
evidence  was  obtained  by  Paul  Bert,  who  implanted 
the  abraded  end  of  the  tail  of  a  rat  into  a  cut  in  the 
skin  of  the  back,  and  when  it  had  become  thoroughly 
adherent,  divided  the  tail  at  its  root.  It  was  then 
found  that  sensory  impressions  were  propagated  along 
the  tail  in  the  reverse  direction  to  that  which  they 
pursued  previously  to  the  section.  The  phenomena 
of  electrotonus  also  show  that  the  nerve  is  altered 
throughout  its  whole  length  by  the  application  of  a 
stimulus  to  any  part  of  it. 

Automatic  movements. — This  term  is  applied 
to  movements  which  take  place  in  response  to  stimuli 
generated  in  the  nerve  centres  themselves,  or  which 
occur  after  removal  of  the  whole  of  the  nervous 
system,  with  the  exception  of  that  part  from  which 
the  motor  nerve  springs.  The  best  examples  of  it 
are  the  following:  (1)  Those  of  the  continuance  of 
the  respiratory  movements  after  the  brain  has  been 
gradually  removed  from  above  and  the  spinal  cord 
from  below,  until  only  a  small  portion  of  the  medulla 
oblongata  is  left,  giving  origin  to  the  phrenic  and 
intercostal  nerves.  It  is  supposed  in  this  case  that 
the  absence  of  oxygen,  and  the  presence  of  carbonic 
acid  gas  in  excess  in  the  blood  circulating  through  the 
medulla  oblongata,  stimulate  the  cells  forming  the 
respiratory  centre,  and  that  these  automatically 
originate  the  movements  observed. 

(2)  Those  of  the  heart,  in  which  rhythmical  con- 
tractions occur  after  the  organ  has  been  entirely  re- 
moved from  the  body,  and  therefore  when  no  action 
of  the  central  nervous  system  can  take  place.  It  is 
supposed  in  this  case  to  be  due  to  the  rhythmical 
liberation  of  impulses  from  the  ganglia  situated  in 
the  heart  itself. 
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(3)  Those  of  the  stomach  and  intestines,  where, 
after  isolation  of  a  segment  of  the  canal,  peristaltic 
movements  may  still  be  observed,  apparently  without 
the  application  of  any  stimulus. 

(4)  Those  of  the  uterus  and  of  the  bladder  and 
ureters,  which  move  after  the  whole  of  the  nerves 
distributed  to  them  have  been  divided. 

(5)  Those  of  the  iris,  which  has  been  seen  to  con- 
tract and  dilate  in  some  animals  even  after  the  anterior 
half  of  the  eye  has  been  removed  from  the  body. 

(6)  Those  of  the  arteries  and  of  the  lymphatic 
hearts,  which  have  been  observed  in  some  animals  to 
present  contractile  movements  after  destruction  of  the 
brain  and  spinal  cord. 

(7)  Certain  secretions,  as  those  of  the  saliva  and 
bile,  which  continue  to  be  formed  when  all  the  nerves 
supplying  the  glands  have  been  divided. 

Reflex  acts. — This  term  is  applied  to  movements 
or  secretory  processes  which  take  place  in  response 
to  a  stimulus  applied  to  some  part  of  the  nervous 
system.  The  conditions  which  are  requisite  are : 
(1)  a  stimulus,  (2)  afferent  or  centripetal  nerves, 
(3)  a  nerve  centre,  (4)  efferent  or  centrifugal  nerves, 
(5)  muscles  or  glands. 

The  stimulus  may  be  one  of  the  various  kinds 
already  mentioned,  mechanical,  chemical,  thermic,  or 
electric ;  or  it  may  be  of  a  special  kind,  as  in  the  case 
of  odorous  or  luminous  stimuli.  It  may  be  applied 
either  to  the  peripheral  extremity  of  the  nerves,  which 
are  in  almost  every  instance  connected  with  a  special 
terminal  apparatus,  or  to  the  nerves  in  some  part  of 
their  course ;  the  spinal  reflex  movements  are,  how- 
ever, much  more  orderly  and  purposive,  as  well  as 
swifter,  in  the  former  than  in  the  latter  case.  The 
stimulus  may  also  be  applied  to  one  of  the  special 
nerves,  and  act  through  the  brain,  as  in  the  vomiting 
produced  by  a  disagreeable  sight  or  smell. 

w — 5 
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The  distinction  between  a  purely  voluntary  and  a 
reflex  act  is  in  general  sufficiently  evident.  The  act 
of  writing  is  a  voluntary  one  ;  the  formation  of  each 
letter  is  slowly  learned,  and  even  in  those  most 
accustomed  to  write  the  process  requires  a  distinct 
mental  effort ;  but  the  act  by  which  food  is  propelled 
down  the  oesophagus  is  a  reflex  act,  and  is  performed 
quite  independently  of  the  will.  In  many  instances 
reflex  acts  are  performed  with  consciousness,  in  many 
without.  The  movements  of  the  intestinal  canal,  of 
the  gall-bladder,  of  the  arteries,  of  the  ducts  of  many 
glands,  are  unattended  by  consciousness,  whilst  such 
reflex  acts  as  coughing,  sneezing,  and  winking  of  the 
eyelids  are  clearly  perceived.  In  some  instances,  as 
in  contraction  of  the  pupil,  the  stimulus  may  be 
clearly  perceived ;  but  the  contraction  of  the  muscular 
tissue  of  the  iris  is  wholly  without  consciousness. 

The  vivacity  and  energy  of  reflex  acts  bear  no 
relation  to  the  amount  of  pain  produced.  Thus,  if 
an  eel  be  decapitated,  and  the  surface  of  the  body 
be  lightly  touched,  strong  reflex  movements  are  pro- 
duced ;  but  if  a  thermo-cautery  be  applied  to  the  skin 
a  severe  burn  may  be  inflicted  with  very  slight 
muscular  contractions.  In  man,  in  the  same  way, 
tickling  will  produce  more  vigorous  movements  than 
a  blow.  A  stimulus  which  is  so  feeble  as  not  to  excite 
a  reflex  act  may  by  repetition  induce  it. 

Laws  of  reflex  action. — Reflex  actions  are  not 
irregular,  but  respond  in  a  very  definite  manner  to 
stimuli,  and  certain  laws  have  been  discovered  to  exist, 
the  more  important  of  which  are  the  following : — 

(1)  Law  of  unilateral  action, — If  the  skin  or 
other  sensory  surface  be  stimulated,  the  muscles  of 
the  same  side  or  of  the  immediate  vicinity  are  stimu- 
lated to  contract.  If  the  skin  of  one  leg  be  stimu- 
lated, that  leg  will  be  drawn  up  by  its  muscles.  If 
one  conjunctiva  be  touched,  the  lids  of  that  side  close. 
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(2)  Law  of  irradiation.  —  If  the  stimulus  be 
stronger  than  that  required  to  produce  unilateral 
action,  the  next  effect  is  that  the  corresponding  muscles 
of  the  opposite  side  are  made  to  contract.  This  is 
sometimes  called  the  law  of  reflex  symmetry.  If  the 
stimulus  be  still  stronger,  it  affects  not  only  the 
muscles  of  the  opposite  side,  but  those  muscles  which 
are  supplied  by  nerves  arising  higher  up  from  the 
spinal  cord.  The  muscles  supplied  by  lower  nerves 
are  rarely  affected. 

(3)  Law  of  co-ordination. — This,  which  might  also 
be  termed  the  law  of  purposive  adaptation,  indicates 
that  the  movements  made  in  response  to  a  definite 
stimulus  are  not  irregular,  but  are  performed  with  a 
distinct  object,  and  are  co-ordinated  to  that  end. 
Thus,  if  a  frog  be  decapitated  and  the  body  be  sus- 
pended by  the  fore-limbs,  if  the  side  of  the  abdomen 
be  touched  with  a  feather  dipped  in  acetic  acid  the 
leg  of  that  side  is  raised,  and  the  foot  is  so  moved  as  to 
brush  away  the  stimulus ;  and  if  this  leg  be  held  down 
the  opposite  foot  will  be  raised,  and  after  being  made 
to  cross  the  back  will  attempt  to  perform  the  same 
movement. 

(4)  Law  of  "prolonged  irritation. — This  law  shows 
that  a  powerful  stimulus  excites  a  persistent  action 
of  the  spinal  cord.  Thus  if  the  head  of  a  frog  be 
violently  struck  against  a  hard  body,  the  animal  is 
thrown  into  a  tetanic  state,  and  this  tetanic  condition 
is  maintained  even  after  decapitation. 

Rapidity  af  reflex  acts.— The  rapidity  with 
which  a  reflex  act  is  performed  has  been  determined 
to  vary,  according  to  the  intensity  of  the  stimulus, 
between  0*025  and  0*05  second.  The  time  occupied 
between  contact  with  the  cornea  and  contraction  of 
the  orbicularis  palpebrarum  is  0*05  second.  Cold 
and  chloroform  retard  the  rapidity  of  reflex  acts. 

Some  reflex  acts  are  of  so  complex  and  purposive 
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a  character  as  almost  to  suggest  a  certain  degree  of 
consciousness  in  the  spinal  cord,  since  they  take  place 
after  the  brain  has  been  removed ;  such  are  the  crawl- 
ing movements  of  a  frog  when  the  board  on  which  it 
lies  is  tilted,  and  the  fluttering  of  the  wings  of  birds. 
A  remarkable  experiment  is  known  as  "  Goltz' 
Quarrversuch,"  in  which  a  frog,  from  which  the  brain 
has  been  removed,  is  made  to  croak  by  stroking  the 
skin  of  the  back. 

Functions  of  the  cerebral  nerves.— The 
cerebral  nerves  are  twelve  in  number,  and  their  func- 
tions may  here  be  briefly  given  : — 

The  olfactory  nerve, — The  olfactory  nerve  arises 
from  the  olfactory  bulb,  which  is  really  a  process 
of  the  brain  itself,  and  whilst  small  and  degenerate 
in  man,  is  large  and  highly  developed  in  many  animals, 
with  extensive  intracerebral  relations.  It  is  distri- 
buted to  a  definite  region  of  the  nose,  the  epithelium 
of  which  presents  special  characters.  (See  Klein's 
"  Histology.")  Stimulation  of  this  nerve  by  its  proper 
stimuli  excites  odorous  sensations.  It  reacts  but 
slightly,  if  at  all,  to  mechanical  or  other  stimuli.  Its 
division  or  non- development  is  attended  with  absence 
of  the  sense  of  smell.  For  the  sense  of  smell  to  act  it 
is  necessary  that  the  membrane  should  be  moist  and 
that  the  stimulus  should  be  in  the  gaseous  state,  or  at 
least  in  a  state  of  such  fine  division  as  to  be  suspended 
in  the  air.  In  consequence  of  the  distribution  of  the 
fifth  nerve  to  part  of  the  mucous  membrane,  pain  or 
tingling  may  be  experienced  with  certain  odorous 
substances,  such  as  ammonia  or  carbon  dioxide. 

O'ptic  nerve, — The  optic  nerve  and  tract  con- 
duct visual  impressions  from  the  retina  to  the  brain. 
The  optic  tract  arises  chiefly  from  the  grey  matter  of 
the  optic  thalamus,  and  from  the  corpora  quadrigemina, 
but  other  fibres  may  be  traced  into  the  medulla  oblon- 
gata and  spinal  cord,  and  others  again  radiate  towards 
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the  apex  of  the  occipital  lobe  of  the  cerebrum,  where, 
according  to  some  experimenters,  the  psychic  centre  of 
the  visual  sense  is  located.  The  terminal  apparatus  of 
the  optic  nerve  in  the  eye  is  the  retina.  The  normal 
stimulus  of  the  optic  nerve  is  light,  but  luminous 
sensations  can  be  excited  by  other  stimuli^  as  by 
pressure,  concussion,  and  electricity.  Various  reflex 
acts  can  be  induced  through  the  optic  nerve  ;  thus 
light  falling  on  the  retina  causes  contraction  of  the 
iris  by  a  reflex  influence  acting  through  the  third  nerve 
upon  the  sphincter  pupillse,  whilst  the  absence  of  light 
acts  through  the  sympathetic  nerve  in  inducing  dilata- 
tion of  the  pupil.  Exposure  to  bright  lights,  again, 
causes  closure  of  the  lids  by  reflex  impulses  conveyed 
through  the  facial  nerve  ;  and,  lastly,  a  flow  of  tears 
may  be  induced  by  reflex  impulses  conducted  through 
the  fifth  nerve.  Section  or  destruction  of  the  nerve 
causes  complete  and  permanent  blindness. 

Third  or  oculo-motor  nerve. — The  third  nerve  arises 
in  common  with  the  fourth  from  a  nucleus  situated 
just  beneath  the  aquseductus  Sylvii,  which  is  a  con- 
tinuation of  the  anterior  horn  of  the  grey  substance 
of  the  spinal  cord.  It  is  in  relation  with  the  nates, 
with  the  lenticular  nucleus,  and  with  the  crus  cerebri. 
It  is  connected  in  the  cavernous  sinus  with  the  first 
branch  of  the  fifth  nerve,  and  thus  obtains  fibres 
ministering  to  muscular  sensibility,  and  with  the 
sympathetic  nerve,  which  supplies  it  with  vaso-motor 
branches.  It  is  distributed  to  the  muscles  rotating 
the  globe  of  the  eye,  named  the  rectus  superior,  rectus 
internus,  rectus  inferior,  and  the  obliquus  inferior,  and 
also  to  the  levator  palpebrse  superioris.  It  gives  a 
branch  in  the  orbit  to  the  ganglion  ciliare,  which  is 
named  its  short  or  motor  root,  and  through  this 
supplies  two  muscles  within  the  eye,  the  sphincter 
pupillse  and  the  ciliary  muscle  or  tensor  choroideae, 
by  means  of  which  the  accommodation  of  the  eye 
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for  near  objects  is  effected.  The  three  centres  which 
usually  act  together — viz.  for  accommodation,  accom- 
plished by  the  ciliary  muscle,  for  contraction  of  the 

pupil,  effected  by 
the  sphincter  pu- 
pillse,  and  for  con- 
vergence of  the 
eyes,  accomplish- 
ed by  the  recti 
interni — are  situ- 
ated in  that  order 
from  before  back- 
ward in  the  poste- 
rior part  the  floor 
of  the  third  ven- 
tricle. The  centre 
for  the  reflex 
contraction  of  the 
pupil  from  light 
falling  on  the  re- 
tina is  situated 
in  the  medulla 
oblongata.  Atro- 
pin,  daturin,  du- 
boisin,  and  other 
drugs  paralyse 
the  intraocular 
fibres  of  the  third. 
Calabar  bean, 
opium,  and  others 
act  as  stimuli  to 
them.  Complete 
paralysis  of  the 
third    nerve  is 

followed  by  (1)  drooping  of  the  upper  lid,  termed 
ptosis,  (2)  immobility  of  the  eye  in  all  directions,  (3) 
eversion  of  the  eye  or  external  squint,  owing  to  the 


Fig.  30.— Transparent  view  of  the  Medulla 
from  behind. 

On  the  right  hand  the  nerve  nuclei  are  diaerammatl- 
cally  represented,  and  lettered  with  Roman 
numbers,  v,  motor  trigeminal  nucleus:  v',  me- 
dian, and  V",  inferior  sensory  trigeminal  nuclei ; 
VI,  nucleus  of  abducens ;  vii,  facial  nucleus ;  vin, 
posteriormedian  acoustic  nucleus ;  viii',  anterior 
median ;  viii",  posterior,  and  viii'"',  anterior 
lateial  acoustic  nuclei;  ix,  glossopharyngeal 
nucleus  ;  nuclei  of  x,  vagus ;  of  xi,  accessorius ; 
and  of  XII,  hj  poglossus.  l,  crus  cerebelli  ad  pon- 
tem  ;  2,  crus  cerebelli  ad  Corp.  quadr. ;  3,  crus  cere- 
helli  ad  meduUam:  4,  eminentia  teres:  5,  striae 
acousticaB ;  6,  ala  cinerea.  The  Roman  numerals 
(V— XII)  beside  the  figure  represent  the  corre- 
sponding nerve-roots.  The  Arabic  numerals  (22, 
24—28)  are  attached  to  the  transverse  section  of 
roots.-  (A/ter  JS?r&.) 
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unantagonised  action  of  the  external  rectus,  (4)  slightly 
increased  prominence  of  the  eye,  owing  to  the  action 
of  the  obliquus  superior,  (5)  dilatation  of  the  pupil, 
(6)  immobility  of  the  pupil  on  exposure  of  the  eye  to 
light,  (7)  loss  of  the  power  of  accommodation,  (8)  the 
patient,  when  the  lid  is  raised,  has  crossed  diplopia, 
that  is,  sees  two  images  of  a  single  object,  the  image 
to  the  left  being  that  of  the  right  eye  and  vice  versd. 

Fourth  nerve,  or  trochlear  nerve. — This  is  the 
smallest  of  the  cerebral  nerves,  and  supplies  one 
muscle  only,  the  superior  oblique  muscle  of  the  eye. 
The  fibres  of  origin  spring  by  an  anterior  root  from 
the  trochlear  nucleus,  which  is  continuous  with  the 
anterior  horn  of  the  spinal  cord,  and  is  situate  near 
the  valve  of  Yieussens,  and  by  a  posterior  root  con- 
nected with  the  ganglion  of  the  fifth.  Stimulation  of 
the  nerve  causes  contraction  of  the  superior  oblique 
muscle,  and  the  eye  rolls  downwards  and  outwards. 
It  is  a  voluntary  motor  nerve,  except  in  associated 
movements.  When  paralysed,  there  is  double  vision, 
becoming  more  marked  as  objects  below  the  plane  of 
the  horizon  and  towards  the  median  plane  are  looked 
at.  The  false  image  is  on  the  same  side  as  the  afiected 
eye,  oblique,  inclined  inwards  above,  and  appears  lower 
and  somewhat  nearer  than  that  of  the  healthy  eye. 

Fifth  nerve,  or  nervus  trigeminus. — This  nerve  is 
the  nerve  of  common  sensation  for  the  side  of  the  head 
and  face,  and  supplies  the  muscles  of  mastication,  with 
the  exception  of  the  buccinator  muscle,  with  motor 
fibres.  It  is  named  the  trigeminal  from  its  dividing 
into  three  large  branches  just  beyond  the  Gasserian 
ganglion.  It  arises  by  two  roots,  which  appear  at 
the  side  of  the  pons ;  the  anterior  is  the  smaller,  and 
is  a  motor  nerve ;  the  posterior  is  larger,  and  is 
sensory.  The  motor  root  springs  from  a  grey  mass 
near  the  middle  line  of  the  floor  of  the  fourth  ventricle 
(Figs.  30  and  31,  v').  The  sensory  root  springs  from  a 
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grey  nucleus  situated  in  the  pons,  from  the  medulla 
oblongata,  and  from  the  grey  substance  of  the  pos- 
terior cornu  of  the  spinal  cord,  as  far  down  as  the 
third  or  fourth  cervical  vertebra  (Figs.  30  and  31, 
v',  v").  The  trophic  root  springs  from  a  grey  mass  at 
the  side  of  the  aquseductus  Sylvii.  Other  fibres 
spring  from  the  substantia  ferruginosa,  from  the  cere- 
bral peduncle,  and  from  the  cerebellum.  If  the  distri- 
bution of  the  nerve  be  followed  in  the  order  of  the 
three  divisions,  the  functions  of  the  branches  are  : — 

First  or  ophthalmic  branch. 

(1)  Recurrent  branch  supplies  sensory  branches 

to  the  tentorium  cerebelli. 

(2)  Lacrymal    nerve    supplies  secreto-motory 

branches  to  the  lacrymal  gland,  sensory 
branches  to  the  conjunctiva,  upper  lid,  and 
temple. 

(3)  Frontal  nerve,  dividing  into  supraorbital  and 

supratrochlear  nerves,  supplies  sensory 
branches  to  the  brow  and  upper  lid. 

(4)  Nasal  nerve  supplies  sensory  branches  to  the 

conjunctiva,  caruncle  and  lacrymal  sac,  to 
the  tip  of  the  nose  and  part  of  the  septum, 
and  gives  off  the  long  or  sensory  root  to  the 
ciliary  ganglion. 

The  second  or  superior  maxillary  nerve. 

(1)  Recurrent  nerve  supplies  sensory  branches 

to  the  dura  mater. 

(2)  Subcutaneous  malar  supplies  sensory  branches 

to  the  cheek  and  temple,  and  some  secreto- 
motor  fibres  to  the  lacrymal  gland. 

(3)  Superior,    posterior,    and    middle  alveolar 

nerves  supply  the  teeth  and  upper  jaw  with 
sensory  fibres. 
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•  (4)  Infraorbital  nerve  supplies  the  lower  lid, 
cheek,  ala  of  the  nose,  and  upper  lip  with 
sensory  branches. 

The  third  or  inferior  maxillary  nerve. 

(1)  Recurrent  nerve  supplies  sensory  branches 

to  the  dura  mater. 

(2)  Pterygoid,  temporal,  masseteric  nerves  supply 

motor  branches  to  the  muscles  of  mastication. 

(3)  Buccinator  nerve  supplies .  sensory  fibres  to 

the  buccal  mucous  membrane. 

(4)  Lingualis  nerve  supplies  nerves  of  special 

sense  to  the  tongue,  anterior  arches  of  the 
palate,  tonsils,  and  floor  of  the  mouth.  It 
contains  vaso-motor  and  vaso-dilator  nerves 
for  the  vessels  of  the  tongue. 

(5)  Dental  nerve  supplies  sensory  fibres  to  the 

gums  and  skin  of  the  chin  and  lower  lip, 
and  motor  fibres  to  the  mylo-hyoid  muscle 
and  to  the  anterior  belly  of  the  digastric. 

Four  ganglia  are  connected  with  the  branches  of 
the  fifth  pair  of  nerves,  the  ciliary,  spheno-palatine, 
submaxillary,  and  otic. 

(1)  The  ciliary  or  lacrymal  g^atig^Iion. — 
This  is  connected  with  the  ophthalmic  division  of  the 
fifth,  lies  in  the  orbit,  and  has  three  roots  :  a  short 
motor  root  from  the  third,  a  long  sensory  root  from 
the  nasal  nerve,  and  a  sympathetic  root  from  the 
carotid  plexus. 

It  gives  off  sensory  fibres  to  the  cornea  and  con- 
junctiva, the  iris,  choroid,  and  sclera  ;  vaso-motor  fibres 
for  the  vessels  of  the  iris,  choroid,  and  retina  ;  motor 
fibres  for  the  dilator  of  the  pupil ;  and  lastly,  trophic 
nerves  for  the  eye. 

(2)  The  splieno-palatine  g^ang^lion  is  situated 
just  below  the  second  division  of  the  fifth,  where  it 
traverses  the  spheno-maxillary   fossa.    It  receives 
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sensory  fibres  from  the  second  division  of  the  fifth ; 
motor  fibres  from  the  facial,  through  the  nervus 
petrosus  superficialis  major  ;  and  sympathetic  fibres 
from  the  carotid  plexus. 

It  gives  off  sensory  fibres  to  the  interior  of  the 
nose,  hard  and  soft  palate,  and  tonsils ;  motor  fibres  to 
the  levator  palati,  and  azygos  uvulae  ;  vaso-motor  fibres 
to  the  mucous  membrane  of  the  nose ;  and  probably 
secretory  fibres  to  the  glands. 

(3)  The  otic  g-an^lion  is  situated  just  below 
the  foramen  ovale  on  the  inner  side  of  the  inferior 
maxillary  nerve,  close  to  the  origin  of  the  internal 
pterygoid  branch.  It  receives  motor  fibres  from 
the  third  division  of  the  fifth  ;  vaso-7notor  fibres  from 
the  sympathetic  plexus  surrounding  the  arteria 
meningea  media ;  and  sensory  fibres  from  the  glosso- 
pharyngeal through  the  nervus  superficialis  minor. 

It  gives  off  motor  fibres  to  the  tensor  tympani  and 
to  the  tensor  palati  muscles  ;  and  secreto-motory  fibres 
to  the  parotid  gland,  which  join  the  auriculo-temporal 
nerve. 

(4)  The  submaxillary  gang:lioii,  or  plexus, 

is  situated  above  the  deep  portion  of  #ie  submaxil- 
lary gland.  It  receives  motor  fibres  from  the  chorda 
tympani,  and  therefore  from  the  facial  nerve  ;  sensory 
fibres  from  the  third  division  of  the  fifth ;  vaso-motor 
fibres  from  the  sympathetic  plexus  surrounding  the 
facial  artery.  It  gives  off  vaso-dilator  fibres  obtained 
from  the  chorda  tympani,  causing  dilatation  of  the 
vessels  ]  secreto-motor  fibres  through  the  same  channel, 
stimulation  of  which  excites  the  secretion  of  the  sub- 
maxillary gland  ;  and  trophic  fibres  to  the  same  gland. 

The  sixth  nerve,  or  ahducens  oculi  (Fig.  31,  vi). — 
This  nerve  springs  from  a  nucleus  in  close  proximity 
to  and  above  that  of  the  facial  nerve,  and  continuous 
also  with  the  anterior  horn  of  the  grey  substance  of  the 
spinal  cord.    It  is  situated  at  the  upper  part  of  the  fioor 
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of  the  fourth  ventricle.  The  apparent  origin  of  the 
nerve  is  from  the  anterior  pyramid  at  the  posterior 
border  of  the  pons.  It  is  a  motor  nerve,  and  supplies 
one  muscle  only,  the  external  rectus.    It  contains  some 
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Fig.  31. — Lateral  view  of  Medulla,  showing  the  position  of  the  principal 
nuclei.   {AjUr  Erh.) 

P1/-J  pyramidal  tract ;  Fy.  Kr.,  decussation  of  pyramid ;  o,  olivary  body ;  o.s., 
superior  olivary  body;  v,  motor  centre  of  fifth  ;  v',  middle  sensory  centre  of 
fifth  ;  V'',  inferior  sensory  nucleus  of  fifth ;  vi,  nucleus  of  sixth  nerve  ;  G/, 
genu  of  the  facial  nerve  ;  vii,  nucleus  of  facial  nerve ;  viii.  posterior  mtdian 
auditory  nucleus ;  ix,  nucleus  of  glosso-pharyngeal  nerve  ;  x,  nucleus  of 
vagus  ;  XI,  nucleus  of  spinal  accessory  ;  xii,  nucleus  of  hypoglossal  nerve  ; 
K3,  nucleus  of  the  funiculus  gracilis;  Bv,  roots  of  fifth  nerve;  rvi,  roots 
of  sixth  nerve ;  B  vii,  roots  of  facial  nerve. 

vaso-motor  fibres,  which  are  derived  from  the  sym- 
pathetic, and  some  fibres,  conferring  upon  it  muscular 
sensibility,  from  the  fifths  both  of  which  it  receives  in 
the  cavernous  sinus.  When  divided  or  paralysed  the 
eye  squints  inwards. 
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The  seventh  nerve,  or  portio  dura  of  the  seventh  pair. 
— The  portio  dura  is  a  motor  nerve  distributed  to  the 
muscles  of  expression  and  to  the  salivary  glands  (Fig. 
31,  vii).    It  arises  from  the  facial  nucleus,  near  the 
upper  part  of  the  floor  of  the  fourth  ventricle,  and  from 
the  lenticular  nucleus  of  the  opposite  side.    It  appears 
at  the  upper  part  of  the  medulla  oblongata  in  a  tri- 
angular space,  bounded  above  by  the  pons,  in  front  by 
the  olivary  and  behind  by  the  restiform  iDody,  and  is 
here  divided  into  two  parts,  the  smaller  of  which  is 
named  the   portio  intermedia.     This  intermediate 
portion  is  a  remnant  of  a  condition  present  in  the 
lower  animals,  in  which  the  facial  and  glosso-pharyn- 
geal  nerve  issue  together  as  a  mixed  nerve.    The  fibres 
of  the  portio  intermedia  may  be  traced  into  the 
glosso-pharyngeal  nucleus.    It  is  supposed  that  they 
may  contribute  gustatory  fibres  and  vascular  nerves. 
The  portio  dura  is  distributed  :  (1)  By  the  nervus 
petrosus  superficialis  major  to  the  levator  palati  and 
azygos  uvulae,  having  previously  entered  the  spheno- 
palatine ganglion.    (2)  By  branches  passing  through 
the  otic  ganglion  to  the  tensor  palati  and  tensor 
tyinpani.    (3)  It  supplies  the  stapedius.    (4)  It  gives 
off  secreto-motor  fibres  and  vaso-dilator  fibres  to  the 
sublingual  and  submaxillary  glands.    (5)  It  contains 
some  gustatory  fibres,  probably  derived   from  the 
glosso-pharyngeal  nerve  at  its  origin.    (6)  It  contains 
the  sweat-gland  nerve  fibres  of  the  face.    Lastly,  it 
supplies  all  the  muscles  of  expression  of  the  face,  the 
stylo-hyoid,  posterior  belly  of  the  digastric,  and  the 
muscles  of  the  external  ear ;  and  it  is  said  to  give  a 
filament  to  the  stylo-glossus  and  the  stylo-pharyngeus. 
Section  or  lesion  of  this  nerve  causes  facial  paralysis. 
The  lids  cannot  be  closed,  the  face  is  without  expression 
on  the  side  of  the  injury,  the  mouth  is  drawn  up  to 
the  opposite  side,  speech  and  smell  are  rendered  im^- 
perfect,  and  the  secretion  of  saliva  is  diminished. 
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The  eighth  or  auditory  nerve,  or  portio  mollis  of 
the  seventh  (Fig.  31,  viii). — This  nerve  arises  from 
two  nuclei,  in  the  floor  of  the  fourth  ventricle  ;  some 
fibres  spring  from  the  grey  substance  of  the  spinal 
cord,  and  some  extend  into  the  cerebellum,  and  even 
into  the  cerebral  peduncle  and  cerebrum.  The 
auditory  makes  its  appearance  in  close  proximity  to 
the  facial,  from  which  it  is  separated  by  the  portio 
intermedia.  The  nerve  fulfils  two  functions  :  it  is  the 
nerve  of  hearing,  or  that  by  which  sound  undulations 
are  conducted  from  the  labyrinth  ;  and  secondly,  by  the 
distribution  of  some  of  its  fibres  to  the  semicircular 
canals  and  ampullae,  it  aids  in  the  preservation  of  the 
upright  and  normal  position  of  the  body,  or  affords  the 
information  by  which  the  equipoise  of  the  body  is 
maintained.  Division  of  the  nerve  causes  permanent 
deafness  ;  stimulation  of  it,  auditory  sensations. 
Section  of  the  semicircular  canals  leads  to  vertigo  and 
pendulam-like  movement  of  the  head. 

Ninth  or  glosso-pharyngeal  nerve  (Fig.  31,  ix). — 
The  glosso-pharyngeal  nerve  is  partly  motor,  partly 
sensory,  and  partly  a  nerve  of  special  sense.  It  arises 
from  a  nucleus  in  the  lower  half  of  the  floor  of  the 
fourth  ventricle,  consisting  partly  of  small  cells,  from 
which  the  sensory  and  special  sense  fibres  arise,  and 
partly  of  large  cells  ;  some  fibres  also  arise  from 
the  spinal  cord.  The  motor  fibres  are  distributed  to 
the  stylo-pharyngeus,  the  middle  constrictor  of  the 
pharynx,  and  perhaps  also  to  the  palato-glossus, 
levator  palati,  and  azygos  uvulae,  but  these  branches 
may  be  derived  from  the  facial  by  the  communicating 
branch  between  this  nerve  and  the  petrosal  ganglion 
of  the  glosso-pharyngeal. 

The  sensory  fibres  supply  the  posterior  part  of  the 
tongue,  the  anterior  surface  of  the  epiglottis,  the 
tonsils,  the  anterior  pillars  of  the  fauces,  the  soft 
palate,  and  part  of  the  pharynx. 
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The  special  sense  fibres  which  minister  to  the 
sense  of  taste  are  distributed  to  the  posterior  third  of 
the  tongue,  the  sides  of  the  soft  palate,  and  the  pillars 
of  the  fauces. 

Tenth  nerve,  vagus  or  pyieumogastric  nerve. — 
This  nerve  has  the  widest  distribution  of  any  nerve  in 
the  body.  It  supplies  the  larynx  and  pharynx,  the 
heart  and  lungs,  the  stomach,  intestines,  and  liver, 
spleen,  pancreas,  kidneys,  and  bladder.  It  arises  from 
a  nucleus  in  the  lower  part  of  the  floor  of  the  fourth 
ventricle,  and  appears  at  the  side  of  the  medulla 
oblongata,  in  front  of  the  restiform  body,  and  just 
below  the  glosso-pharyngeal  nerve  (Fig.  31,  x).  The 
names,  distribution,  and  functions  of  the  chief  branches 
which  it  gives  off  are  : 

(1)  The  meningeal  branch,  distributed  to  the  me- 
ningeal artery,  and  to  the  occipital  and  transverse 
sinuses.    The  fibres  are  sensory. 

(2)  The  auricular  branch,  distributed  to  the  meatus 
auditorius,  sensory  in  function. 

(3)  Connecting  branches,  the  function  of  which 
is  unknown,  between  the  ganglion  petrosum  of  the 
glosso-pharyngeal  and  the  ganglion  jugulare  of  the 
vagus.  A  large  communicating  branch  enters  the 
vagus  from  the  spinal  accessory  nerve,  just  below 
its  lower  or  plexiform  ganglion.  This  contains  the 
fibres,  which,  after  coursing  in  the  trunk  of  the  nerve 
for  some  distance,  leave  it,  to  be  distributed  as  motor 
nerves  to  the  muscles  of  the  larynx  and  cesophagus, 
and  as  inhibitory  nerves  to  the  heart. 

(4)  The  superior  laryngeal  nerve  gives  off  sensory 
fibres  to  the  mucous  membrane  of  the  larynx,  the 
stimulation  of  which  induces  coughing  by  reflex 
action  through  a  centre  situated  on  each  side  of  the** 
raphe,  near  the  ala  cinerea.  It  supplies,  in  addition, 
motor  fibres  to  the  crico-thyroid  and  inferior  con- 
strictor. 
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The  recurrent  laryngeal  nerve  supplies  motor  fibres 
to  the  trachea  and  oesophagus,  and  to  the  various 
muscles  of  the  larynx.  Section  or  lesion  of  the  superior 
laryngeal  nerve  is  apt  to  cause  death  by  the  entrance 
of  food  into  the  air  passages,  which  are  no  longer  pro- 
tected by  the  natural  exquisite  sensibility  of  the  laryn- 
geal mucous  membrane.  Section  or  lesion  of  the 
recurrent  laryngeal  nerve  alters  the  voice,  and  is  apt  to 
cause  death  on  slight  exertion,  owing  to  suffocation 
from  the  falling  together  of  the  vocal  cords,  producing 
laryngeal  abductor  paralysis. 

(5)  The  depressor  nerve,  given  off  from  the  superior 
laryngeal  nerve  and  the  trunk  of  the  vagus  in  the 
rabbit,  and  passing  into  the  cardiac  plexus.  It  con- 
ducts impressions  centripetally,  and,  when  stimulated, 
lowers  the  energy  of  the  vaso-motor  centre,  causing 
the  abdominal  vessels  to  dilate  and  hence  blood 
pressure  to  sink,  and  the  heart  to  beat  less  frequently 
and  less  vigorously. 

(6)  The  vagus  gives  off  cardiac  branches,  some  of 
which  contain  sensory  fibres,  others  inhibitory  fibres, 
and  some  accelerating  fibres. 

(7)  The  pulmonary  branches  of  the  vagus  are 
partly  motor,  supplying  the  muscular  fibres  -  of  the 
bronchi ;  partly  vaso-motor,  the  fibres  being  derived 
from  the  sympathetic ;  and  partly  sensory,  some  of  the 
latter  conduct  impulses  from  the  mucous  membrane, 
which  excite  the  cough  centre,  whilst  others  ex<3ite  the 
respiratory  centre. 

(8)  The  branches  distributed  to  the  oesophagus, 
stomach,  and  intestines  are  partly  motor  and  partly 
sensory. 

Landois  observes  that  the  trunk  and  branches  of 
the  vagus  contain  various  centripetal  fibres,  which  act 
on  certain  nervous  mechanisms.    These  are  : 

(1)  Fibres  acting  on  the  vaso-motor  centre,  some  of 
which  are  pressor  fibres,  chiefly  contained  in  the 
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laryngeal  nerves,  which  act  in  a  reflex  manner,  and 
cause  the  arteries  to  contract,  the  blood  pressure 
consequently  to  rise,  and  the  heart  to  beat  less 
frequently.  Others  are  depressor  fibres,  which  have 
an  opposite  effect.    {See  page  61.) 

(2)  Fibres  acting  on  the  respiratory  centre,  some  of 
which  excite  the  centres  and  accelerate  the  respira- 
tory acts,  whilst  others,  situated  in  the  two  laryngeal 
nerves,  depress  and  inhibit  them. 

(3)  Fibres  acting  on  the  cardiac  inhibitory  centre, 
which  run  to  this  centre  and  excite  it  to  action.  The 
existence  of  these  is  shown  by  stimulation  of  the  prox- 
imal end  of  one  divided  vagus,  which  arrests  the  heart 
in  diastole  through  the  opposite  one.  Blows  or  sudden 
distension  of  the  stomach  produce  the  same  effect. 

(4)  Fibres  acting  on  the  vomiting  centre,  which 
can  be  excited  by  stimulation  of  the  proximal  end  of 
the  divided  vagus. 

(5)  Fibres  which,  when  stimulated,  induce  arrest 
of  the  pancreatic  secretion,  and  run  centripetally,  since 
the  same  effect  may  also  be  induced  by  stimulation  of 
the  proximal  cut  extremity. 

(6)  Lastly,  fibres  may  be  shown  by  similar  means 
to  exist,  which  act  in  a  reflex  manner  in  inducing  the 
formation  of  sugar  in  the  liver. 

Eleventh  or  spinal  accessory  nerve. — This  nerve 
springs  by  one  fasciculus  from  the  accessory  nucleus 
of  the  medulla  oblongata,  in  near  relation  with  the 
nucleus  of  the  vagus,  and  by  another  fasciculus  from  a 
nucleus  which  extends  down  the  spinal  cord,  between 
the  anterior  and  posterior  roots  of  the  spinal  nerves,  as 
far  as  to  the  fifth  or  sixth  cervical  vertebra  (Fig,  31, 
xi).  This  portion,  which  confers  its  specific  name  on 
the  nerve,  joins  the  vagus,  and  contributes  to  that  nerve 
the  inhibitory  nerve-fibres  it  gives  off  to  the  heart,  as 
well  as  its  motor  fibres  to  the  larynx  and  uppec  part 
of  the  oesophagus.    The  accessory  nerve  terminates  in 
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the  sterno-mastoid  and  trapezius  muscles,  and  it  also 
contains  some  fibres  of  muscular  sensibility,  derived 
from  the  posterior  roots  of  the  first  and  second 
cervical  nerves.  The  evidence  demonstrating  that  the 
spinal  accessory  nerves  contain  cardiac  inhibitory 
fibres  is,  that  if  the  lower  roots  be  divided  the  fibres 
of  the  vagus  going  to  the  heart  cease  to  exert  an  in- 
hibitory action  upon  that  organ ;  and,  further,  that 
these  fibres  undergo  fatty  degeneration.  Spasm  or 
paralysis  of  this  nerve  is  a  cause  of  wryneck. 

Twelfth  or  hypoglossal  nerve, — This  nerv6  arises 
from  two  nuclei  with  large  cells,  and  one  nucleus  with 
small  cells,  near  the  point  of  the  calamus  scriptorius 
(Fig.  31,  xii).  Some  fibres  also  proceed  from  the 
brain,  and  from  the  olivary  body.  The  apparent  origin 
is  from  the  medulla  oblongata,  on  a  line  with  the 
anterior  roots  of  the  spinal  nerves.  The  hypoglossal 
nerve  is  the  motor  nerve  of  the  tongue,  supplying  all 
its  muscles  together  with  the  genio-hyoid  and  thyro- 
hyoid. It  contains  also  vaso-motor  nerves  which  origi- 
nate in  the  superior  cervical  ganglion.  It  further 
receives  branches  from  the  ganglion  of  the  trunk  of 
the  vagus,  and  from  the  lingual  of  the  fifth,  by 
which  it  acquires  the  power  of  conducting  impressions 
of  muscular  sensibility.  From  its  loops  of  communica- 
tion with  the  upper  cervical  nerves  branches  are  given 
off  to  the  sterno-hyoid,  sterno-thyroid,  and  omo-hyoid. 
Section  of  these  nerves  abolishes  the  power  of  move- 
ment of  the  tongue,  and  therefore  interferes  with 
mastication,  deglutition,  and  speech.  After  lesion  of 
one  hypoglossal,  the  tongue  is  thrust  out  towards  the 
paralysed  side. 

Tlie  relations  of  the  cranisit  with  the 
spinal  nerves.— On  the  conception  that  each  spinal 
segment  gives  origin  to  three  roots,  viz.  anterior,  pos- 
terior, and  lateral,  combined  With  the  further  concep- 
tion tlisLt  these  three  roots  may  be  grouped  together 
X— 5 
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into  a  dual  arrangement  of  somatic  and  splanchnic 
roots,  each  of  which  is  composed  of  a  ganglionated 
and  a  non-ganglionated  portion,  Gaskell  has  endea- 
voured, with  much  success,  to  trace  the  homologies  of 
the  cranial  with  the  spinal  nerves,  and  he  has  arranged 
them  in  the  following  scheme  : — 

Roots  of  the  Cranial  Nerves. 


Anievior.  Lateral.  Posterior. 


Mid-brain. 

N'on-gangl. 
somatic. 

III. 
IV. 

1  1 
Non-gangl. 
splanchnic. 

V. 

Motor 
descending 
root. 

Gangl. 
splanchnic. 

III. 

Ganglion 
ciliare. 

1^  1 
Sensory 
splanchnic. 

Sensory  '- 
somatic. 

I-  ' 
II. 

V. 

Sensory 
(descend- 
ing root 
ganglion 
ciliare) 

Hind-brain. 

VL 

VII. 

Part  whicli 
arises  from 
nucleus  of 
VI. 

V. 

Motor. 

VII. 

VIII. 

Nervus 
inter- 
medius, 

with 
ganglion 
genicu- 
latum. 

V. 

Sensory 
ganglion 
Gasseri. 

VIII. 

Medulla 
oblongata. 

XII. 

IX.,  X., 
XI. 
Part  which 
arises  from 
lateral 
horn. 

IX. 
Gangl. 
petrosum. 

X.,  XI. 

Ganglion 
trunci  vagi. 

XII. 

Ganglion 
hypoglossi. 

IX.,  X. 
Ganglion 
jugulare, 

with 
ascending 
root  of 
X. 

V. 

Sensory 
ascending 
root. 

Centres  of 
origin. 

Anterior 
column. 

Lateral 
column. 

Clarte's 
column. 

Sensory 
splanchnic 
column  of 
posterior 
horn. 

Sensory 
somatic 
column  of 
posterior 
horn. 
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The  Sympathetic  Nervous  System. 

Oeneral  characters  and  dispoisition  of 
the  sympathetic  system  of  nerves.— The  sym- 
pathetic nervous  system  consists  of  collections  of  cells 
named  ganglia^  and  of  communicating  fibres.  The 
ganglia  are  partly  arranged  symmetrically  on  each 
side  of  the  vertebral  column,  forming  a  long  chain,  and 
are  partly  distributed  asymmetrically  through  the  body, 
giving  off  branches  to  the  viscera  and  to  the  vessels. 
The  circumstance  that  the  filaments  proceeding  from 
this  system  of  nerves  supply  the  alimentary  canal  and 
its  appendages,  the  heart  and  circulating  system,  the 
lungs,  and  the  urino-genital  apparatus,  has  caused  the 
several  names  of  "organic  system,"  or  "vegetative 
system,"  or  "  ganglionic  system  of  nerves,"  to  be  ap- 
plied to  it.  't'he  cells  vary  in  size  and  form,  present 
one  or  several  processes,  one  of  which,  when  there  are 
two,  sometimes  winds  spirally  round  the  other  and 
becomes  a  medullated  fibre,  whilst  the  other  remains 
straight  and  continues  its  course  as  a  non-medullated 
fibre.  The  fibres  of  the  sympathetic  are,  as  a  rule, 
non-medullated,  and  have  a  remarkable  tendency  to 
form  plexuses.    {See  Klein's  "Histology,"  p.  173.) 

The  ganglia  of  the  sympathetic  system  ai*e  directly 
or  indirectly  connected  with  the  spinal  cord  by  means 
of  branches  which  are  named  ra7ni  communicantes. 
Those  that  are  directly  connected  with  the  spinal  cord, 
and  constitute  the  lateral  ganglia,  are  the  three  cervical, 
eleven  dorsal,  and  eight  or  ten  lumbo-sacral  ganglia, 
with  the  terminal  ganglion  impar.  Those  that  are 
more  remote,  and  which  are  in  general  only  indirectly 
connected  with  the  cord,  the  fibres  entering  them 
having  already  passed  through  one  of  the  lateral 
ganglia,  are  named  collateral  ganglia,  and  may  be  seen 
in  the  scattered  ganglia  of  the  head,  heart,  and  vis- 
cera.   The  chief  plexuses  are  the  carotid,  cardiac,  and 
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pulmonary  ;  the  coeliac,  continuous  with  which  are  the 
hepatic,  gastric,  and  splenic  ;  mesenteric  and  renal ; 
the  hypogastric  and  spermatic ;  the  uterine  and 
vaginaL 

The  fibres  of  the  sympathetic  system  appear  to  arise 
in  the  spinal  cord  and  medulla  oblongata  from  two 
columns  of  nerve  cells,  one  of  which  is  the  column  of 
Clarke,  and  the  other  the  column  of  cells  in  the  lateral 
horn  (k,  q,  page  361).  The  fibres  issue  from  the  cord 
by  both  the  anterior  and  posterior  roots  of  the  corre- 
sponding spinal  nerve  as  medullated  fibres  of  very 
small  diameter,  and,  as  already  stated,  may  run  into 
the  lateral  ganglia,  directly  forming  the  white  root  of 
the  rami  communicantes,  or  may  pass  by  the  lateral 
ganglia  and  run  into  the  splanchnics,  and  so  to  the 
collateral  ganglia.  Entering  the  ganglia  as  white  me- 
dullated fibres,  they  become  connected  with  the  cells 
of  the  lateral  or  collateral  ganglia,  then  lose  their 
medulla,  and  emerge  from  these  ganglia  as  non-medul- 
lated  or  grey  fibres.  The  grey  portion,  of  the  rami 
communicantes,  therefore,  consists  of  fasciculi,  which 
though  running  from  the  lateral  ganglia  towards  the 
spinal  cord  are  really  on  their  way  to  their  peripheral 
distribution ;  that  is,  to  the  vertebrae  and  spinal  mem- 
braneSi  The  white  portions  of  the  rami  are  only  found 
from  the  second  thoracic  to  the  second  lumbar  nerves 
inclusive.  Above  and  below  these  points  the  rami  are 
composed  of  non-medullated  fibres  only. 

Functions  of  the  sympathetic  system  ot 
nerves* — The  essential  function  of  the  sympathetic 
system  of  nerves  is  to  control  the  movements  of  the 
vessels  and  of  the  viscera.  It  contains,  therefore, 
vaso-motor  and  vaso-inhibitory  nerves  for  the  heart 
and  vessels^  and  viscero-motor  and  viscero-inhibitory 
nerves  for  the  muscles  of  the  alimentary  canal  and  its 
appendages. 

1.  The  vasO'motornQvvB^  for  the  heart  and  arteries 
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issue  from  the  spinal  cord  by  the  anterior  roots,  and 
run  in  the  white  rami  of  the  thoracic  region  to  the 
ganglia  of  the  lateral  chain  chiefly,  but  in  part  to  the 
collateral  ganglia,  where  they  become  non-medullated, 
and  then  run  to  their  destination. 

2.  The  vaso-inhihitory  cardiac  nerves  leave  the 
central  nervous  system  by  fine  medullated  fibres 
which  characterise  the  formation  of  the  cervico-cranial 
rami  viscerales,  and  pass  without  altering  their 
character  into  the  collateral  ganglia,  and  thence,  as 
non-medullated  fibres,  to  their  destination. 

The  visceral  nerves  in  the  sacral  region  pass  out  in 
a  single  stream  to  the  ganglia  of  the  collateral  chain. 
In  the  thoracic  region  they  pass  out  in  a  double 
stream,  one  to  the  ganglia  of  the  lateral  chain,  and  the 
other  to  the  collateral  ganglia.  In  the  upper  cervical 
region  they  issue  in  a  single  stream,  constituting  at 
least  a  third  of  the  spinal  accessory  nerve,  and,  forming 
its  internal  branch,  run  to  the  ganglia  of  the  trunk  of 
the  vagus.  A  few  other  fibres  are  found  in  the  glosso^ 
pharyngeal  nerve  and  its  ganglia. 

The  viscero-motor  nerves  supplying  the  circular 
muscles  of  the  upper  part  of  the  alimentary  canal, 
and  effecting  the  peristaltic  contraction  of  the  thoracic 
portion  of  the  oesophagus,  the  stomach,  and  intestines, 
issue  as  extremely  delicate  medullated  fibres  from  the 
upper  part  of  the  cervical  region,  and  pass  by  way  of 
the  communicating  branches  to  the  ganglion  of  the 
trunk  of  the  vagus,  where  they  become  non-medullated. 
The  corresponding  nerves  to  the  hind-gut  and  its  ap- 
pendages leave  the  spinal  cord  chiefly  in  the  thoracic 
region. 

The  viscero-inhihitory  nerves  of  the  circular  muscles 
of  the  alimentary  canal  and  its  appendages  leave  the 
central  nervous  system  in  the  anterior  roots  and  run,  not 
into  the  central  sympathetic  ganglia,  but  into  the  colla- 
teral distal  ganglia,  and  there  become  non-medullated. 
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The  stream  of  visceral  fibres  named  by  Gaskell 
the  "pelvic  splanchnic  nerves,  which  emerges  from 
the  sacral  region  and  comprises  the  nervi  erigentes 
of  Ecker,  contains  motor  nerves  for  the  longitudinal 
muscles  of  the  rectum,  bladder,  and  uterus ;  inhibitory 
nerves  for  the  circular  muscles  of  the  rectum  ;  vaso- 
inhibitory  nerves  for  the  blood-vessels  of  the  erectile 
tissue  of  the  penis;  motor  nerves  for  Houston's  muscle ; 
and  secretory  nerves  for  the  prostate.  The  vaso- 
motor nerves  for  the  penis  run  in  the  grey  rami  com- 
municantes  which  join  the  sciatic  plexus,  and  from 
thence  into  the  nervus  pudendus  communis. 

Cervical  portion  of  the  sympatlietic. — This 
consists  of  three  well-known  ganglia  and  their  con- 
necting cords,  and  the  influence  of  this  part  of  the 
sympathetic  has  been  chiefly  ascertained  by  observing 
the  effects  of  section  and  of  stimulation.  The  effects  of 
section  are  singularly  pronounced  in  the  rabbit,  and 
are  for  the  most  part  attributable  to  dilatation  of  the 
smaller  arteries,  increased  blood-pressure,  and  the 
passage  of  a  freer  current  of  blood  through  them. 
Such  hypersemia,  for  example,  affecting  the  retina 
renders  it  more  sensitive  to  light  ;  the  pupil,  there- 
fore^ contracts ;  the  eye  is  drawn  inwards ;  the  lids 
are  partially  closed ;  the  membrana  nictitans  is  drawn 
over  the  eye ;  the  secretion  of  tears  is  augmented  ; 
the  sensibility  becomes  more  acute  ;  the  temperature  is 
notably  heightened  ;  the  secretions  of  cerumen  and  of 
sweat  are  increased ;  and  a  galvanic  current  too  weak 
to  act  on  the  other  side  of  the  animal  may  on  this  side 
produce  contractions.  When  the  animal  is  killed,  the 
reflex  faculty  lasts  longer  than  on  the  undamaged 
side ;  cadaveric  rigidity  comes  on  later  and  lasts 
longer ;  putrefaction  supervenes  later  ;  lastly,  certain 
trophic  disturbances  occur  chiefly  in  the  region  of  the 
eye.  On  the  other  hand,  on  stimulation  of  the  nerve 
the  opposite  effects  are  observed,  such  as  dilatation 
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of  the  pupil,  diminished  temperature,  and  contrac- 
tion of  the  blood-vessels.  There  appear,  then,  to  be 
in  this  part  of  the  sympathetic  pupil-dilating  fibres, 
motor  fibres  for  Miiller's  smooth  muscle  of  the  orbit, 
vaso-motor  branches,  and  secretory  and  trophic  fibres. 
Besides  these,  the  cervical  sympathetic  seems  to  con- 
tain branches  which  join  the  automatic  ganglia. 

Thoracic  portion  of  the  sympathetic. — The 
chief  nerves  emanating  from  these  ganglia,  which  are 
about  twelve  in  number,  join  the  solar  plexus  and 
semilunar  ganglia,  and  contain  accelerating  fibres  for 
the  heart,  which,  when  stimulated,  act  centripetally  on 
the  inhibitory  cardiac  centre  in  the  medulla  oblongata ; 
also  fibres  which  excite  the  vascular  nerve  centres 
in  the  medulla  oblongata ;  and  lastly,  the  splanchnics, 
which  act  as  inhibitory  nerves  on  the  movements  of 
the  intestine  so  long  as  a  normal  current  of  oxidised 
blood  traverses  the  vessels :  but  if  the  blood  has 
become  venous  the  movements  are  intensified.  The 
splanchnics  are  also  the  chief  vaso-motor  nerves  of 
the  vessels  supplying  the  abdominal  viscera.  When 
the  splanchnics  are  divided,  an  immense  accumulation 
of  blood  takes  place  in  the  abdominal  vessels.  The 
thoracic  portion  also  contains  inhibitory  fibres  for  the 
renal  secretion ;  besides  other  fibres  stimulation  of 
which  causes  sugar  to  appear  in  the  urine. 

Abdominal  and  lower  partis  of  the  sym- 
pathetic.— The  nerves  which  are  given  ofi*  from 
the  abdominal  and  lumbar  ganglia  chiefly  enter  into 
the  plexuses  which  surround  the  vessels  passing  to 
the  genito-urinary  apparatus,  and,  so  far  as  is  known, 
are  chiefly  vaso-motor  in  function. 
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CHAPTER  XV. 

THE  SPINAL  CORD. 

Oeneral  structure  of  the  cord. — The  spinal 
cord  (Fig.  32)  is  composed  of  a  core  of  grey  substance 
surrounded  by  white  matter.  It  is  divided  into  two 
lateral  symmetrical  halves  by  the  anterior  and  pos- 
terior fissures.  The  grey  substance  is  disposed  in 
a  form  which,  on  transverse  section  of  the  cord, 
roughly  resembles  the  letter  H,  the  centre  of  the 
cross-bar  being  perforated  by  a  cylindrical  tube  which 
extends  the  whole  length  of  the  cord  and  is  lined  by 
columnar  epithelium.  The  mass  of  grey  matter  on 
each  side  is  thick  and  rounded  in  front,  forming  the 
anterior  cornu  or  horn  (p,  Fig.  32) ;  thinner  near  the 
middle  and  prolonged  behind  into  a  horn^  the  posterior 
horn  (l.  Fig.  32),  which  is  bulbous  as  it  approaches  the 
surface,  and  has  caused  the  extremity  to  be  named  the 
caput,  and  the  part  nearer  the  centre  the  cervix  cornu. 
The  caput  cornu  is  invested  by  a  peculiar  tissue,  the 
grey  substance  of  Rolando  (f).  The  cells  of  the 
posterior  horn  are  small  and  not  very  numerous. 
Just  below  the  caput  the  cervix  cornu  presents  a  re- 
ticular structure,  divided  into  a  posterior  and  a  lateral 
reticular  formation.  On  the  median  side  of  the  cervix 
and  near  its  base  is  a  column  of  cells  named  the  pos- 
terior vesicular  or  Clarke's  column  (k).  The  anterior 
cornu  presents  many  large  cells  embedded  in  neuroglia, 
and  disposed  in  two  main  groups,  a  median  and  a 
lateral  (Sherrington).  The  margin  of  the  grey  sub- 
stance is  not  smooth,  but  presents  many  processes, 
some  of  which  are  nervous,  others  connective  tissue, 
whilst  others  again  are  vascular.    Its  outline  differs 


Fig.  32.— Transverse  Section  of  a  Lateral  Half  of  Spinal  Cord. 

Posterior  median  column,  or  column  of  Goll,  f  ;  b,  posterior  lateral  column, 
or  column  of  Burdach;  o,  column  of  Lissauer:  d,  posterior  root;  e,  the 
comma  tract,  ^  ;  p,  substantia  gelatinosa ;  G,  crossed  pyramidal  tract,  ^  ; 
H,  direct  cerebellar  tract,  'f' ;  i,  reticulated  region  of  cervix  cornu  ;  k, 
Clarke's  column ;  L,  cervix  cornu  ;  M,  Gower's  descending  antero-lateral 
tract,  ^  ;  N,  R,  Gower's  ascending  antero-lateral  tract,  f  ;  Q,  direct  pyramidal 
tract,  4, ;  p,  anterior  cornu;  Q,  intermedio-lateral  tract;  s,  anterior  root ; 
T,  anterior  or  ventral  fissure;  u,  posterior  or  dorsal  fissure ;  w,  central  canal ; 
X,  anterior  column.  The  tract  internal  to  g  m  is  the  mixed  lateral  column. 
The  arrows  indicate  the  coui"ie  of  the  fibres. 
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considerably,  and  in  the  dorsal  region  a  lateral  promi- 
nence is  seen,  named  the  tractus  intermedio-lateralis, 
or  lateral  horn  (q).  It  occupies  a  relatively  large  area, 
as  compared  with  the  white,  in  those  parts  of  the 
cord  from  which  many  large  nerves  are  given  off. 
Hence  it  is  relatively  large  in  the  lower  cervical  and 
in  the  lumbar  regions,  where  the  great  nerves  of  the 
leg  and  arm  arise  from  the  cord  ;  whilst  it  is  small  in 
quantity  in  the  dorsal  region. 

The  white  matter  of  the  cord,  which  sur- 
rounds the  grey,  is  composed  of  nerve  fibres  destitute 
of  neurilemma,  with  here  and  there  a  few  scattered 
outlying  cells  distributed  in  it  near  the  grey  substance  ; 
it  has  been  found  convenient  to  describe  it  as  consist- 
ing of  columns,  though  these  do  not  extend  from  one 
end  of  the  cord  to  the  other  in  a  perfectly  regular 
manner.  On  section  a  posterior  column  may  be  dis- 
tinguished extending  from  the  posterior  median  fissure 
to  the  depression  indicating  the  line  of  emergence  of 
the  posterior  roots  of  the  spinal  nerves,  which  arise  as 
compact  bundles.  This  is  subdivisible  into  a  posterior 
median  and  a  posterior  lateral  column.  The  remainder 
is  named  the  antero-lateral  column.  The  distinction 
between  the  anterior  and  the  lateral  columns  is  badly 
defined  by  the  line  of  emergence  of  the  scattered 
filaments  of  the  anterior  roots  of  the  spinal  nerves. 
No  distinction  of  groups  of  fibres  can  be  seen  in  sec- 
tions made  either  transversely  or  longitudinally  in  the 
white  matter  either  by  the  naked  eye,  the  microscope, 
or  by  dissection ;  but  the  existence  of  definite  tracts 
of  fibres  has  been  ascertained  by  several  methods  of 
research.  First,  by  their  embryological  development, 
some  tracts  appearing  earlier  than  others  ;  secondly,  by 
sections  in  different  regions  when  it  is  found  that  the 
fibres  separated  from  their  trophic  centres  undergo 
degeneration  in  an  ascending  or  descending  direction, 
according  to  whether  their  trophic  centre  is  above  or 
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below  the  point  of  section ;  lastly,  by  pathological 
research.  By  these  means  combined,  several  strands 
have  been  differentiated,  the  position  of  which  may 
be  seen  in  Fig.  32.  Their  length,  and  the  general 
effect  of  section  on  their  fibres,  is  given  : 

1.  The  posterior  median  column,  1  Ascending,  whole  length  of 

or  column  of  Goll  (a).         J  cord. 

2.  The  posterior  lateral  column,  \ 

or  posterior  root  zone,  or  >  Course  unknown, 
column  of  Burdach  (b).  ) 

3.  The  crossed  pyramidal  tract }  ^'^"^^  ^^'^Sth  of 

4.  Theo1;ehellartract(H).         [A^cmding,  upper  lumbar 

^  (     thoracic  cervical  region. 

5.  The  descending  antero -lateral  )  Descending,  whole  length  of 

tract,  or  Gower's  tract  (m).   j  cord. 

6.  The  ascending  antero-lateral 

tract  (rn). 

7.  The  anterior  column  (x).        |  J>^«^«^'-«i',?ervical andpart 

^  '  {  thoracic. 

8.  The  direct  pyramidal  tract,  )  ri 

or  column  of  Turck  (o).  | 

9.  Lissauer's  zone  (c). 

10.  The  descending  comma  ixdi.Q,\j'\  Descending,    cervical  and 
(e).  J     upper  dorsal. 

The  grey  siito stance  of  the  cord. — This  is 
essentially  composed  of  cells  and  their  processes,  and 
although  it  may  be  regarded  as  a  series  of  centres 
which  respond  readily  to  appropriate  stimuli,  it  is 
certain  that  it  is  quite  unexcitable  to  direct  irritation, 
such  as  cuts,  punctures,  or  electric  stimuli.  The  cells 
are  roughly  divisible  into  two  groups  :  those  situated 
in  the  anterior  cornu,  which  are  large,  and  appear  to 
be  capable  of  liberating  motor  impulses  ;  and  smaller 
cells,  situated  in  the  posterior,  which  receive  and 
transmit  sensory  impressions.  There  are,  however, 
several  subsidiary  groups,  the  chief  of  which  are 
Clarke's  column,  a  group  of  cells  situated  on  the 
median  side  of  the  cervix  cornu  posterioris  (k,  Fig.  32), 
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and  a  group  of  cells  situated  in  the  tractus  intermedio- 
lateralis  (q). 

Functions  of  the  Spinal  Cord. 

The  cord  is  a  centre  for  many  reflex  actions.  It 
is  a  conductor  between  the  brain  and  the  various 
tissues  and  organs  of  the  body.  In  man  it  is  incapable 
of  automatic  action,  and  is  destitute  of  consciousness, 
but  in  many  of  the  lower  animals  there  is  reason  to 
believe  that  it  participates  with  the  brain  in  these 
functions.  (For  details  of  structure,  see  Klein's 
"  Histology,'^  p.  133  et  seqq.) 

The  spinal  cord  gives  origin  to  thirty-one  pairs  of 
nerves,  which  are  divided  into  groups  in  accordance 
with  the  part  of  the  cord  from  which  they  spring,  and 
are  named  respectively  cervical,  dorsal,  lumbar,  sacral, 
and  coccygeal.  Each  nerve  springs  by  two  roots,  an 
anterior  and  a  posterior.  Experiments  devised  by 
Sir  Charles  Bell  and  by  Magendie  have  demonstrated 
that  the  posterior  roots  are  sensory  in  function,  and 
that  the  anterior  are  motor ;  and  the  general  charac- 
ters of  these  nerves  have  been  already  described  (page 
329).  The  evidence  on  which  the  function  of  these 
roots  has  been  determined  is,  that  when  the  posterior 
root  is  touched  or  cut  acute  pain  is  experienced  and 
simultaneous  reflex  muscular  contractions  occur  ; 
when  cut,  the  parts  supplied  by  the  nerve  beyond  the 
point  of  section  are  deprived  of  sensation.  Stimula- 
tion of  the  distal  stump  when  the  nerve  has  been 
divided  has  no  efiect ;  stimulation  of  the  proximal 
stump  produces  pain  and  reflex  actions. 

When  the  anterior  root  is  divided,  contraction 
occurs  in  the  muscles  supplied  by  the  nerve,  owing  to 
the  mechanical  irritation  of  the  knife,  and  some  pain 
is  experienced,  owing  to  recurrent  sensibility.  (See 
page  331.)  The  muscles  supplied  by  it  are  paralysed. 
Stimulation  of  the  peripheric  stump  causes  muscular 
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contractions  in  the  muscles  supplied  by  the  nerve. 
Stimulation  of  the  proximal  extremity  is  without 
effect.  The  common  sensation  of  the  parts  supplied 
by  the  nerve  is  not  interfered  with. 

The  composition  of  the  roots  of  the  spinal  nerves 
is  not,  however,  so  simple  as  the  above  description 
would  imply,  for  no  account  is  taken  in  it  of  the  fibres 
belonging  to  the  sympathetic  or  visceral  system  of 
nerves,  and  Gaskell  has  suggested  that  whilst  every 
spinal  segment  gives  origin  to  two  roots,  each  of  these 
again  contains  two  portions,  one  of  which  is  somatic, 
the  other  splanchnic.  The  somatic  portion  of  the 
anterior  root  is  the  ordinarily  accepted  motor  root ;  it 
is  non-ganglionated,  and  the  fibres  arise  from  the  large 
cells  of  the  anterior  horn  (p,  Fig.  32),  the  splanchnic 
root  is  also  non-ganglionated,  and  arises  from  the 
column  of  cells  found  in  the  lateral  horn  (q,  Fig.  32). 
The  posterior  root  comprises  the  ordinarily  accepted 
sensory  root,  the  fibres  of  which  are  ganglionated,  and 
arise  from  the  small  cells  of  the  posterior  horn,  and  in 
addition  a  splanchnic  root,  composed  of  ganglionated 
fibres,  arising  mainly  from  Clarke's  column  of  cells, 
but  in  part  also  from  the  column  of  cells  in  the  lateral 
horn.  The  somatic  portion  of  the  roots  is  distributed 
to  the  skin  and  skeletal  muscles  by  its  sensory  and 
motor  branches.  The  splanchnic  portion  is  distributed 
to  the  vessels  and  viscera. 

Course  purisued  by  sensory  impressions 
and  motor  impulses  thro ug^h  the  Cord.— Tactile 
sensations,  such  as  those  of  temperature,  pressure,  and 
muscular  sensibility,  travel  through  the  posterior 
roots  of  the  spinal  nerves  into  the  posterior  cornu, 
then,  after  decussation,  along  the  lateral  column  of 
the  opposite  side ;  painful  impressions  also  enter 
through  the  posterior  roots,  and  travel  upwards  in  the 
lateral  columns  of  the  opposite  side,  but  they  also 
appear  to  be  capable  of  conduction  through  the  grey 
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substance  generally.  Motor  impulses  travel  in  the 
upper  part  of  the  cord  along  the  anterior  and  lateral 
columns,  in  the  lower  part  along  the  lateral  columns 
alone.  Reflex  centres  are  probably  connected  by 
fibres  running  in  the  white  anterior  and  posterior 
columns.  Inhibitory  fibres,  controlling  reflex  acts, 
travel  in  the  anterior  columns.  The  vaso-motor  nerves 
run  in  the  lateral  columns,  and  issue  with  the  anterior 
roots  of  the  spinal  nerve. 

E fleets  of  the  seetion  of  the  cord,— If  one 
lateral  half  of  the  spinal  cord  be  divided  in  the  middle 
of  the  dorsal  region,  the  effects  observed  are  what 
might  be  anticipated  from  what  has  just  been  stated 
in  regard  to  the  course  of  the  fibres  in  the  cord  ;  for 
since  the  sensory  fibres  of  the  posterior  roots  for  the 
most  part  decussate  immediately  and  pass  up  the  other 
side  of  the  cord,  whilst  the  motor  fibres  of  the  motor 
roots  run  vertically  on  their  own  side  till  they  reach 
the  medulla,  such  lesion  will  cause  paralysis  of  motion 
in  the  muscles  of  the  same  side  below  the  plane  of  the 
section,  and  paralysis  of  sensation  in  the  skin  and 
other  parts  of  the  opposite  side.  That  the  loss  of 
motion  is  not  complete  is  probably  due  to  the  fact  that, 
as  shown  by  degeneration  experiments,  although  most 
of  the  motor  fibres  proceeding  from  the  brain  decus- 
sate at  the  well-known  decussation  of  the  pyramids, 
many  others  recross  and  descend  on  the  same  side  of 
the  cord  as  the  hemisphere  from  which  they  sprang, 
such  recrossing  fibres  being  most  numerous  in  the 
cervical  and  lower  thoracic  segments,  and  therefore  in 
the  region  of  origin  of  the  great  nerves  distributed  to 
the  limbs  (Sherrington).  Vaso-motor  paralysis,  indi- 
cated by  enlargement  of  the  vessels,  increased  tempe- 
rature and  hypersesthesia,  takes  place  on  the  side  of 
the  lesion.  If  a  section  be  made  of  the  whole  length 
of  the  cord,  commencing  below  the  decussation  of  the 
pyramids,  and  proceeding  downward  so  as  to  divide  it 
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into  two  lateral  halves,  there  should  be,  theoretically, 
complete  loss  of  sensibility  on  both  sides  of  the  body, 
whilst  the  motor  power  should  remain  intact ;  and, 
according  to  Brown- Sequard,  this  actually  occurs,  but 
there  is  much  discrepancy  of  opinion  on  this  point. 
In  mammals  it  clearly  could  not  occur  on  the  ground 
of  the  redecussation  of  the  motor  fibres  observed  by 
Sherrington.  Moreover,  it  appears  that  a  very  small 
column  of  grey  matter  remaining  uninjured  on  either 
side  is  sufficient  to  conduct  sensory  impressions.  Yet 
it  is  remarkable  that  the  grey  matter  is  not  itself 
sensitive  to  ordinary  stimuli.  It  may  be  borne  in 
mind  that  a  vertical  section  made  through  the  spinal 
cord  for  a  short  distance  at  the  decussation  of  the 
pyramids  will  cause  very  considerable  loss  of  motion 
on  both  sides  of  the  body,  whilst  the  perception  of 
sensations  is  comparatively  little  afiected. 

Tlie  centres  existing^  in  the  spinal  cord.— 
Certain  acts  require  for  their  due  performance  the  co- 
ordination of  many  muscles.  If  these  do  not  contract 
in  a  regular  and  orderly  manner,  the  act  is  imperfectly 
performed.  The  segment  of  the  nervous  system  which 
governs  and  regulates  the  movements  is  termed  a 
reflex  centre.  Proceeding  from  below  upwards,  the 
following  centres  have  been  demonstrated  in  the  cord: 

1.  The  ano- spinal  centre,  or  centre  controlling  the  act  of 

def  96  cation. 

2.  The  vesico-spinal  centre,  regulating  micturition. 


4.  The  ejaculation  centre,    j  male. 

5.  The  parturition  centre,  in  the  female. 

6.  The  vaso-motor  centre-. 

7.  The  vaso-dilator  centre. 

8.  The  sweat  centre. 

9.  The  cilio-spinal  centre. 

The  first  five  centres  are  situated  in  the  lumbar 
region  ;  the  sixth,  seventh,  and  eighth  extend  through 
a  large  portion  of  the  cord ;  and  the  last  occupies  the 


3.  The  erection  centre. 


centre,  in 
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lower  part  of  the  cervical  and  upper  part  of  the  dorsal 
region* 

Course  of  the  fibres  of  the  anterior  and 
posterior  roots  of  the  spinal  nerves. — If  the 

anterior  roots  of  the  spinal  nerves  be  followed  after 
their  entrance  into  the  cord,  they  appear  for  the  most 
part  to  join  the  large  ganglion  cells  of  the  anterior 
cornu  of  the  grey  substance,  of  which  they  form 
the  axis-cylinder  processes.  From  the  ple:^us  of  grey 
fibres  which  these  ganglion  cells  give  off,  broader 
fibres  take  origin.  Some  of  these,  constituting  the 
median  fasciculus,  pass  through  the  anterior  white 
commissure  to  the  opposite  side,  and  ascend  in  the 
anterior  column  of  the  latter.  Others,  constituting 
the  lateral  fasciculus,  enter  the  lateral  column  of  the 
same  side,  and  ascend  until  they  decussate  at  the 
lower  part  of  the  medulla  oblongata,  forming  the 
decussation  of  the  anterior  pyramids* 

On  entering  the  medulla  oblongata  the  motor 
fibres  of  the  cord  ascend  as  compact  columns,  which 
may  be  followed  to  the  deep  surface  of  the  olivary 
bodies  and  corpora  quadrigemina,  forming  the  pyra- 
midal tract  of  the  encephalic  isthmus  of  Flechsig, 
whilst  some  emerge  as  arcuate  fibres,  and  pass  to  the 
cerebellum;  travelling  through  the  pons  the  motor 
tracts  enter  the  crura  cerebri  and  constitute  the  larger 
part  of  the  crusta  of  each  cerebral  peduncle  ;  from 
thence  they  enter  the  internal  capsule,  and  diverge 
in  the  corona  radiata,  to  reach  the  cortex  cerebri ; 
some  probably  becoming  connected  with  the  ganglion 
cells  forming  the  great  ganglia  at  the  base  of  the 
brain. 

As  soon  as  the  posteridr  roots  arrive  at  the  spinal 
cord,  these  fibres^  after  losing  their  sheath,  pass  partly 
into  the  posterior  grey  cornu  and  partly  into  the 
posterior  lateral,  posterior  median,  and  direct  cere- 
bellar columns  of  white  substance  in  which  they  ascend 


Chap.  XV.]     Intervertebral  Ganglia.  369 


the  cord  ;  of  the  fibres  entering  the  posterior  grey 
cornu,  some  terminate  in  the  small  ganglion  cells  of 
this  region,  others  run  towards  the  anterior  cornu, 
hut  the  majority  appear  to  cross  the  median  line  and 
to  enter  the  grey  substance  of  the  opposite  side  of  the 
cord.  In  the  medulla  oblongata  it  is  found  that  the 
fibres  of  the  posterior  median,  or  GolFs  column,  form 
the  greater  part  of  the  funiculus  gracilis,  and  end  in 
part  of  the  cells  of  the  nucleus  gracilis.  The  fibres  of 
the  posterior  lateral,  or  Burdach's  column,  enter  the 
funiculus  cuneatuSj  and  its  nucleus.  The  fibres  of  the 
direct  cerebellar  column  form  the  corpus  restiforme, 
and  pass  to  the  cortex  and  central  grey  substance  of 
the  vermiform  process  of  the  cerebellum.  Many 
sensory  fibres  ascend  through  the  formatio  reticularis 
of  the  medulla  oblongata.  In  the  pons  the  sensory 
tracts  lie  in  the  formatio  reticularis  and  lemniscus. 
In  the  crus  cerebri  they  occupy  the  tegmentum  lying 
external  to  the  red  nucleus.  Finally,  coursing  along 
the  inner  half  of  the  posterior  third  of  the  internal 
capsule  they  probably  enter  in  part  into  the  corona 
radiata,  and  run  directly  to  the  parietal  region  of  the 
cortex  cerebri,  and  in  part  to  the  medullary  laminae 
(^f  the  optic  thalamus,  whilst  some  terminate  in  the 
substantia  nigra  of  the  crus  cerebri. 

Functions  of  the  intervertebral  g^angflia. 
— The  functions  of  the  ganglia  on  the  posterior  roots 
of  the  spinal  nerves,  and  of  the  isolated  ganglion  cells 
found  in  these  roots,  have  only  lately  been  studied 
with  care.  Waller  in  1852,  and  others  more  recently, 
showed  that  after  section  of  the  posterior  roots 
between  the  spinal  cord  and  the  ganglion,  the  central 
portion  of  the  root  undergoes  degeneration,  whilst  the 
distal  portion,  which  is  still  in  connection  with  the 
ganglion,  preserves  its  normal  histological  characters. 
When  the  anterior  root  is  divided,  the  distal  stump 
alone  degenerates.  It  would  appear,  then,  that  the 
Y— 5 
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intervertebral  ganglia  act  as  trophic  centres  for  the 
sensory  fibres  of  the  spinal  nerves  and  posterior  roots. 
Careful  examination  of  the  cord  shows  that  after  section 
of  the  posterior  roots  of  the  spinal  nerves  the  nerve 
cells  in  both  the  anterior  and  posterior  cornua  of 
the  grey  substance  for  some  considerable  distance  up 
the  cord  are,  to  a  large  extent,  atrophied,  and  their 
place  is  occupied  with  spaces  partially  filled  with  their 
granular  remains.  Degeneration  of  many  of  the  fibres 
of  the  continuation  of  the  posterior  roots  in  the  grey 
substance  of  the  cord  may  also  be  observed,  especially 
in  those  fibres  which  ascend  in  front  of  the  substantia 
gelatinosa  Rolandi.  In  regard  to  the  white  columns 
of  the  cord,  degeneration  is  well  marked  in  the  whole 
of  the  posterior  columns  near  the  lumbar  enlargement, 
but  higher  up  it  is  limited  to  the  posterior  median,  or 
GolFs  column,  and  especially  to  its  innermost  portion. 
The  other  columns  are  little  affected,  though  a  few 
fibres  of  the  cerebellar  column  may  degenerate.  We 
may  hence  conclude  that  the  ganglia  and  cells  in 
question  exert  a  trophic  influence,  both  on  the  sensory 
fibres  and  roots  of  the  spinal  nerves,  and  also  upon  the 
ganglionic  cell  elements  in  the  cord  itself. 

Other  afferent  siiid  efferent  nerves.— There 
is  a  strong  disposition  to  specialisation  of  function  in 
difierent  parts  of  the  nervous  system,  so  that  besides 
afferent  nerves  ministering  to  ordinary  sensation,  and 
motor  nerves  to  striated  muscle,  the  spinal  nerves 
contain  sensory  nerves  of  various  kinds,  such,  for 
example,  as  those  of  tactile  sensibility,  pain,  tempera- 
ture, and  tickling  and  motor  fibres,  which  are  dis- 
tributed to  the  smooth  muscular  tissue  of  various 
organs,  as  the  uterus,  urinary  bladder,  and  blood- 
vessels, and  there  are  in  addition  efferent,  secre to- 
motor,  and  trophic  fibres. 

The  structure  of  the  medulla  oblongata.— 
The  complexity  of  this  part  of  the  nervous  system  is 
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very  great.  Fibres  from  the  brain,  the  ganglia  at 
the  base  of  the  brain,  the  cerebellum,  and  the  spinal 
cord,  run  into  it,  and  are  lost  in  groups  of  ganglion 
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Fig.  33.— Diagram  of  the  Chief  Tracts  in  the  MeduU?.  {After  Erh.) 
01,  olivar;^  body ;  V,  anterior  columns  of  cord ;  S,  lateral  columns  of  coi'd  ;  H, 
posterior  columns  of  cord  ;  a,  anterior  pyramidal  tract ;  d,  lateral  pyramidal 
tract ;  Py,  pyramidal  tract ;  b,  remains  of  anterior  column  ;  c,  remains  of 
lateral  column;  ee\  lateral  cerebellar  tract;/,  funiculus  gracilis  and  /'its 
nucleus ;  g,  funiculus  cuneatus  and  g'  its  nucleus ;  P.  c.  I,  internal  fasciculus 
of  the  pedunculus  cerebelli ;  P.c.e,  external  fasciculus  of  the  pedunculu» 
cerebelli ;  C.q.F,  tract  proceeding  from  corpora  quadrigemina  to  formatio 
reticularis  ;  C.g,o,  tract  proceeding  from  corpora  quadrigemina  to  the  olivary 
body ;  Thai,  tract  from  the  thalamus  opticus. 

cells,  which  collectively  make  up  the  formatio  reti- 
cularis, and  are  conjectured  to  be  the  seats  of  reflex 
processes,  though  proof  is  mudi  needed,  and  can  only- 
be  the  result  of  much  further  research.  Some  of  the 
main  points  may,  however,  be  gathered  from  an  at- 
tentive study  of  Figs.  33  and  34.  Fig.  33  represents 
*he  medulla  and  pons ;  the  formatio  reticularis  is 
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shaded,  and  is  seen  to  occupy  the  centre  of  the  medulla. 
The  letters  Y  S  H  represent  the  anterior  lateral  and 
posterior  columns  of  the  cord.  The  pyramidal  tract, 
Py,  is  formed  by  the  union  of  the  anterior  and  lateral 
pyramidal  tracts  of  the  cord  (o  and  G,  Fig.  32) ;  e  e 
shows  the  course  of  the  lateral  cerebellar  tract  (h,  Fig. 
33),  which  forms  the  inferior  peduncles  of  the  cere- 
bellum. The  internal  portion  of  these  peduncles  runs 
into  the  formatio  reticularis ;  the  other  portion,  P.c.e, 
descends  to  the  olivary  bodies,  01.  The  remainder  of 
the  anterior  columns,  6,  and  lateral,  c,  ends  in  the 
formatio  reticularis.  The  fibres  of  the  funiculus  gra- 
cilis, after  piercing  the  funiculus,  /\  form  the  anterior 
decussation  of  the  pyramids,  join  the  pyramidal  tracts 
(course  shown  by  dotted  line  crossing  the  olivary  body), 
and  then  immediately  fall  back  into  the  olivary  bodies 
and  the  formatio  reticularis.  The  fasciculi  of  the 
cuneiform  column,  after  reaching  their  nuclei,  g\ 
spread  out  into  the  olivary  bodies,  and  partly  into  the 
formatio  reticularis.  Lastly,  descending  fibres  enter 
the  formatio  reticularis,  proceeding  from  the  thalamus 
opticus,  Thal^  and  corpora  quadrigemina,  Cq.F. 
Strands  of  fibres  also  extend  from  the  corpora  quad- 
rigemina, Cq.o,  to  the  olivary  body,  01. 

The  functions  of  tlie  medulla  oblong^ata.— 
The  medulla  oblongata  may  be  regarded  as  a  collec- 
tion of  reflex  centres,  traversed  by  fasciculi  of  white 
fibres  in  all  directions.  (See  Klein's  "  Histology,"  p. 
148.)  It  is  inferior  to  the  brain  proper  in  not  possess- 
ing any  power  of  initiating  movement,  apart  from  the 
cardiac  and  respiratory  reflex  movements,  the  me- 
chanism of  which  is  contained  in  this  part  of  the  nervous 
system.  Even  in  the  frog,  if  time  be  given  for  the 
prostration  caused  by  the  removal  of  the  brain  to  pass 
away,  no  movements  are  observed,  except  as  the  result 
of  the  application  of  some  external  stimulus.  The 
body  assumes  the  position  it  takes  up  naturally  when 
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the  animal  is  at  rest,  and,  if  carefully  protected  from 
external  stimuli,  remains  immovable  ;  but  if  stimuli 
be  applied,  the  reflex  movements  induced  are  extra- 
ordinarily complicated,  and  closely  simulate  those 
of  the  will.  If  laid  upon  its  back,  it  endeavours, 
though  generally  unsuccessfully,  to  turn  on  its  belly. 
If  placed  in  water,  it  swims,  and  comes  to  the  surface 
to  breathe.  If  the  water  be  gradually  warmed,  it 
makes  efforts  to  escape.  In  the  higher  animals^ 
sections  made  through  the  pons,  or  junction  of  the 
pons  with  the  medulla  oblongata,  are  attended  with 
so  much  prostration  from  pain  and  bleeding  that  the 
results  are  not  very  trustworthy  ;  but  movements  of 
various  kinds  not  involving  change  of  place,  and 
cries  in  response  to  strong  stimulation  of  sensory 
nerves,  have  been  observed.  The  animals  are  of 
course  rendered  blind,  and  deprived  of  the  power  of 
smell,  but  hearing  is  to  some  extent  retained. 

Centres  in  the  medulla  oblong^ata. — These 
are  both  numerous  and  important,  as  the  following 
list,  which  is  not  exhaustive,  will  show  : — 

/^Sensory fibres.  Fifth  and  glosso-pharyngeal. 
1.  Centre  for  sue- )  Motor  fibres.    Facial,  hypoglossal,  and  mo- 
tion. I  tor  fibres  of  third  divi- 

V  sion  of  fifth. 

9  r<o„+^^  f^,.  ,v,oe  (  Sensory  fibres.  Fifth  and  glosso-pharyngeal. 
i^entre  ror  mas- ;  ^^^^^  ^^^^^    Facial,     hypoglossal,  third 
tication.  division  of  fifth. 

3.  Centre  for  sali-  (  Sensory  fibres.  Glosso-pharyngeal  and  fifth. 

vary  secretion.  (  Motor  fibres.    Facial,  sympathetic. 

/  Sensory  fibres.  Fifth,  glosso-pharyngeal,  and 

4.  Centre  for  de- )  vagus. 

glutition.        I  Motor  fibres.  Spinal  accessory,  vagus,  hypo- 

V  glossal,  and  sympathetic, 
f  Sensory  fibres.  Fifth,  glosso-pharyngeal,  va- 
I  gus,  and  afferent  fibres 

5.  Centre  for  vo-  !  from  many  organs  ;  brain, 

miting.  1  stomach,  intestines,  and 

I  kidney. 
L  Motor  fibres.    Spinal  accessory,  vagus. 

6.  Centre  for  clos-  (  Sensoryfibres.  First  division  of  fifth. 

ure  of  eyelid.  (  Motor  fibres.    Seventh  or  facial  nerve. 
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7.  Centre  for  dila-  [ 

tation  of  pupil,  |  Sensory  fibres.  Optic,  fifth, 
and  for  smooth Motor  fibres.    From  the  spinal  cord,  which 


9.  Centre  for  inhibition  of  cardiac  movements.    This  has  already- 
been  considered,  page  58. 

10.  Centre  for  accelerating  cardiac  movements. 

11.  Vaso-motor  centre. 

12.  Vaso-inhibitory  centre. 

The   functions   of  the   basal  g^anglia.— 

Several  ganglionic  masses  are  situated  at  the  base  of 
the  brain,  which,  both  in  their  mode  of  development 
and  in  their  anatomical  and  physiological  characters, 
may  be  regarded  as  a  continuation  of  the  spinal  cord 
and  medulla  oblongata.  These  are  the  grey  substance 
of  the  pons  \  the  corpora  quadrigemina ;  the  grey  sub- 
stance of  the  cerebral  peduncles  ;  the  optic  thalami  ; 
and  the  corpora  striata.  The  functions  of  these  parts 
are  very  imperfectly  known,  for,  lying  deeply,  great 
damage  to  other  parts  and  prostration  occurs  in 
animals  in  which  they  are  subjected  to  direct  experi- 
ment, rendering  the  observations  made  upon  them  very 
untrustworthy  ;  whilst  as  they  occupy  an  intermediate 
position  between  the  cerebral  hemispheres  and  the 
spinal  cord,  and  many  of  the  fibres  connecting  these 
parts  pass  through  them,  it  is  difficult  to  distinguish, 
in  experiments,  what  effects  are  attributable  to  the  in- 
jury inflicted  on  the  special  centre  under  examination, 
and  what  to  the  lesion  of  the  connecting  fiVjre.  Some 
points  may,  however,  be  regarded  as  determined, 
partly  from  the  results  of  experiments,  partly  from  a 
consideration  of  their  histological  characters  and 
anatomical  connection,  and  partly  on  pathological 
grounds,  that  is,  from  observation  of  the  symptoms 
of  disease  limited  to  these  structures.  Still  more 
would  probably  be  gained  if  we  possessed  accurate 


muscle  of  or-  | 
bit.  I 


8.  Respiratory 
centre. 
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knowledge  of  their  ontological  development,  and  of 
their  comparative  anatomy. 

Functions  of  the  pons. — The  structure  of  the 
pons  shows  that  it  is  composed  of  masses  of  grey  sub- 
stance traversed  both  longitudinally  and  transversely 
by  white  fibres.  The  superficial  portion  is  chiefly 
composed  of  transverse  fibres  acting  as  a  commissure 
between  the  hemispheres  of  the  cerebellum,  whilst  the 
deeper  parts  present  longitudinal  fibres  that  are  partly 
continuous  with  the  motor,  partly  with  the  sensory 
fibres  of  the  spinal  cord.  Stimulation  of  the  pons 
produces,  therefore,  pain  and  convulsions,  whilst  section 
occasions  paralysis  of  sensory,  motor,  and  vaso-motor 
nerves,  and  sometimes  compulsory  movements  and 
hyperpyrexia.  Unilateral  lesion  is  followed  by  crossed 
paralysis,  or  paralysis  of  the  opposite  side  of  the  body, 
whilst  there  is  at  the  same  time  facial  paralysis  of  the 
same  side,  constituting  the  hemiplegie  alterne  of  Gubler ; 
this  is  due  to  the  lesion  afiecting  the  facial  below  its 
point  of  decussation.  Complete  section,  of  course, 
abolishes  all  influence  of  the  higher  centres  of  the 
body.  There  is  good  reason,  therefore,  for  believing 
that  it  is  a  centre  for  the  co-ordination  of  movement. 

Functions  of  the  corpora  quadrig^emina. 
— These  are  the  homologues  of  the  optic  lobes  of  the 
lower  vertebrata.  Most  of  the  fibres  of  the  optic  tract 
penetrate  the  corpora  quadrigemina  of  their  own  side  ; 
and  experiment  shows  that  if  these  bodies  are  de- 
stroyed on  either  side,  blindness  of  the  opposite  eye 
results.  If  both  are  destroyed,  the  blindness  is  com- 
plete. The  co-ordination  of  movements,  which  under 
all  ordinary  conditions  is  so  closely  connected  with 
visual  sensations,  is  interfered  with,  and  animals  find 
a  difficulty  in  preserving  their  balance.  Stimulation  of 
the  right  anterior  corpus  quadrigeminum  causes  both 
eyes  to  turn  to  the  left,  and  vice  versd  ;  and  if  the  stimu- 
lation be  continued,  the  head  also  turns  in  the  same 
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direction.  The  reflex  centre  governing  the  contraction 
of  the  pupil  when  the  eyes  are  exposed  to  light  is 
situated  in  the  corpora  quadrigeniina.  The  stimulus 
of  light  falling  on  the  retina  produces  a  wave  of  nerve 
force,  which,  travelling  to  the  corpora  quadrigemina 
on  its  own  side  through  the  optic  nerve  and  tract,  is 
reflected  by  the  third  nerve  to  the  lacrymal  ganglion, 
to  which  that  nerve  supplies  the  short  root,  and 
from  which  branches  are  given  off  to  the  sphincter 
pupillse.  Stimulation  of  the  corpora  quadrigemina 
causes  contraction  of  the  pupils,  and  fibres  from 
both  the  optic  nerve  and  the  third  nerve  have  been 
traced  into  these  bodies.  Other  phenomena  that 
have  been  observed  are  increase  of  blood  pressure, 
retardation  of  the  pulse,  and  deeper  inspiration  and 
expiration.  In  the  frog  Sctschenow  has  demonstrated 
the  presence  of  centres  situated  in  the  corpora  quadri- 
gemina which,  if  stimulated,  inhibit  reflex  movement. 

Functions  of  tlie  crura  cerebri  or  cerebral 
peduncles.— The  cerebral  peduncles,  like  the  pons, 
contain  grey  substance  and  longitudinally-arranged 
fibres,  which  are  divisible  into  two  groups  :  an  anterior 
or  inferior  one,  the  crusta  ;  and  a  superior  one,  the 
tegmentum.  * 

The  crusta  contains  motor  and  sensory  fibres, 
whilst  the  tegmentum  contains  fibres  which  conduct 
reflex  impulses  proceeding  from  the  sensory  ganglia 
at  the  base  of  the  brain. 

*  These  two  parts  are  separated  from  each  other  by  a  dark- 
coloured  mass  of  grey  matter  termed  the  substantia  nigra.  The 
crusta  is  chiefly  composed  of  fasciculi  proceeding  from  the  cortex 
cerebri,  which  run  in  the  internal  capsule,  and  then  traversing 
the  pons  become  the  pyramids  of  the  medulla  oblongata.  The 
tegmentum  is  a  continuation  of  the  formatio  reticularis,  and  con- 
sists of  small  longitudinal  fasciculi  of  white  fibres,  crossed  by 
transverse  fibres.  The  longitudinal  fibres  extend  between  the 
optic  thalami,  corpora  striata,  and  corpora  quadrigemina,  having 
previously  received  an  accession  of  fibres  from  the  ganglionic  cells 
forming  the  red  nucleus  of  the  tegmentum.  The  cells  forming  the 
substantia  nigra  are  deeply  pigmented. 
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Fimctions  of  the  corpora  istriata.  —  These 
bodies  contain  two  masses  of  grey  substance  :  one,  the 
nucleus  caudatus,  intraventricular  nucleus,  or  corpus 
striatum  proper,  is  the  larger ;  the  other,  or  lenticular 
nucleus,  is  the  smaller  of  the  two.  Their  functions, 
though  certainly  distinct,  have  not  been  differentiated. 
Separating  the  two  nuclei  is  the  internal  capsule, 
composed  of  white  fasciculi  which  extend  from  the 
cortex  cerebri  through  the  crusta  and  pons  to  the 
medulla  oblongata  and  spinal  cord.  These  fasciculi 
are  motor  in  function.  External  to  the  lenticular 
nucleus  is  the  external  capsule,  which  is  divided  into 
an  external  and  an  internal  band  by  the  claustrum, 
a  thin  layer  of  grey  substance.  Electrical  stimulation 
of  the  caudate  nucleus  produces,  according  to  Ferrier, 
pleurosthotonos  or  lateral  flexion  of  the  body  ;  whilst 
Nothnagel  finds  that  destruction  of  the  inner  part 
near  the  ventricle,  by  means  of  a  needle,  or  by  the 
injection  of  a  drop  of  chromic  acid  through  a  fine 
syringe  on  one  side  in  rabbits,  causes  them,  after  a 
short  interval,  to  execute  violent  running  or  leaping 
movements,  or  the  "  mouvements  de  manege"  (that  is 
to  say,  "  circus  movements "),  the  animal  running 
round  and  round  continuously  in  one  direction,  till  it 
falls  exhausted.  He  has  hence  termed  it  the  "  nodus 
cursorius."  If  the  whole  nucleus  caudatus  is  de- 
stroyed, however,  these  effects  are  not  observed. 
Similar  experiments  made  upon  the  lenticular  nucleus 
were  always  followed  by  motor  paralysis,  perhaps  due 
to  lesion  of  the  internal  capsule. 

Functions  of  the  optic  thalami.— These  seem 
to  be  centres  towards  which  many  sensory  fibres  con- 
verge, for  not  only  have  they  large  connections  with 
the  optic  tracts,  but  the  greater  part  of  the  tegmentum 
of  the  crura  cerebri,  which  appears  to  be  in  great 
measure  a  continuation  of  the  sensory  columns  of  the 
cord,  enters  them.    The  optic  thalami  seem  also  to  be 
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directly  connected  with  the  cortex  cerebri,  since  ex- 
tirpation of  various  cortical  areas  in  the  rabbit  causes 
degeneration  in  the  thalami.  This  is  not  surprising 
when  it  is  remembered  that  there  are  visual  areas  in 
the  cerebral  cortex,  and  that  the  optic  thalami  are  parts 
of  the  optic  tracts.  Direct  stimulation  of  them  in 
animals  by  means  of  electricity  has  not  been  found  to 
produce  any  movements.  Lesion  of  them,  which  is 
not  unfrequently  observed  in  man  as  the  result  of 
haemorrhage,  produces  anaesthesia,  or  loss  of  sensation, 
of  the  opposite  side  of  the  body  ;  and  if  it  be  localised 
in  the  posterior  third  of  the  thalamus,  visual  disturb- 
ances have  been,  as  might  be  expected,  observed. 

The  general  result  of  the  -observations  made  on 
the  nuclei  of  the  corpora  striata  and  optic  thalami 
favours  the  supposition  that,  like  the  anterior  and 
posterior  cornua  of  the  grey  substance  of  the  spinal 
cord,  they  are  respectively  connected  with  the  motor 
and  sensory  operations  ;  and  that  whilst  on  the  one 
hand  they  may  act  as  independent  centres  of  reflex 
action,  and  in  this  relation  may  be  the  centres  for 
various  automatic  and  instinctive  movements  which 
are  commonly  prompted  and  guided  by  sensations, 
they  may  also  be  subservient  to  the  operation  of  the 
hemispheres,  with  the  increase  and  development  of 
which  they,  'pari  passu ^  augment. 

Compulsory  movements.— The  two  halves  of 
the  brain,  basal  ganglia  and  medulla  oblongata,  act 
together,  in  ordinary  circumstances,  in  preserving 
a  certain  equipoise  and  harmony  between  the  opposite 
sides  of  the  body,  which  is  rendered  evident  by  the 
effects  of  lesions  involving  one  half  of  these  parts. 
Unilateral  sections  cause  in  many  instances  movements 
which  are  not  under  the  control  of  the  will  of  the 
animal,  and  seem  to  be  the  consequence  of  an  irresist- 
ible impulse.  In  some  cases  the  animal  is  compelled 
to  run  in  a  circle,  in  others  to  whirl  round  and  round, 
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in  others  to  roll  over  and  over.  These  movements 
sometimes  take  place  towards,  sometimes  away  from, 
the  side  on  which  the  injury  has  been  inflicted. 

Functions  of  the  cerebellum. — The  size  and 
complexity  of  the  cerebellum  increase  with  the  number 
and  variety  of  the  movements  that  each  animal  is 
capable  of  executing,  the  organ  attaining  its  maximum 
size  in  man,  by  whom  the  most  complex  actions  are 
capable  of  being  performed.  If  the  cerebellum  be  cut 
away  by  successive  slices,  the  animal  soon  becomes 
sullen  and  its  movements  irregular,  and  by  the  time 
the  whole  of  the  organ  is  removed,  all  power  of 
springing,  flying,  walking,  standing,  or  preserving  the 
balance  (that  is,  of  performing  any  combined  muscular 
movements  which  are  not  of  a  simply  reflex  character) 
is  lost.  On  the  other  hand,  neither  the  will  nor  the 
consciousness  seems  to  be  affected.  Many  pathological 
cases  of  cerebellar  disease  have  been  recorded  in  man, 
the  distinguishing  characters  of  which  have  been 
staggering  gait,  convulsions,  and  tendency  to  fall,  or 
loss  of  balance.  From  these  various  circumstances 
the  conclusion  is  drawn  that'  the  cerebellum  is  the 
essential  organ  for  the  co-ordination  of  muscular 
movements.  Anatomical  evidence  is  in  favour  of  this 
view,  for  the  cerebellum  is  directly  connected  with  all 
the  columns  of  the  spinal  cord,  as  well  as  with  the 
basal  ganglia  and  the  hemispheres  of  the  cerebrum. 
The  cerebellum  is  insensitive  to  direct  irritation. 
Some  of  the  most  remarkable  examples  of  compulsory 
movements  are  observable  on  unilateral  section  of  the 
cerebellar  peduncles.  In  some  cases  the  animal  has 
been  seen  to  roll  over  for  many  days  together  at  the 
rate  of  sixty  times  in  a  minute. 

It  is  reasonable  to  suppose  that  in  the  performance 
of  a  particular  action  an  impulse  is  propagated  from 
a  few,  or  even  from  one  ganglion  cell  of  the  cortex  of 
the  cerebral  hemispheres,  which  communicates  directly 
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Fig.  34.— Showing  the  ar- 
rangement of  Cells  in  the 
Motor  Area  of  the  Grey  Sub- 
stance of  the  Brain  in  suc- 
cessive layers. 

1,  Pale  cortical  zone  or  peri- 
pheral layer,  covered  by  pia 


with  a  centre  composed  of 
many  cells  capable  of  bringing 
into  simultaneous  action  nu- 
merous muscles. 

The  cerebrum  or 
brain. — This  is  the  large 
mass  of  nervous  substance 
divided  into  two  hemispheres, 
one  on  each  side  of  the  median 
line,  which  occupies  the  cavity 
of  the  skull.  Its  surface  pre- 
sents many  eminences  or  con- 
volutions separated  by  depres- 
sions or  sulci,  to  which  names 
have  been  given,  and  it  pre- 
sents cavities,  named  the  ven- 
tricles, in  its  interior.  The 
two  hemispheres  are  united  by 
a  broad  band  of  transverse 
fibres,  the  corpus  callosum. 
On  section  the  brain  is  found 
to  consist  of  a  layer  of  grey 
substance  externally,  and  of 
white  substance  internally. 
The  grey  substance  is  com- 
posed of  cells  and  neuroglia 
or  intermediate  substance, 
whilst   the   white  substance 


mater,  and  containing  small  scattered  cel- 
lules, with  delicate  processes  distributed 
through  neuroglia,  medullated  and  non-me- 
dullated  nerve-fibres  and  vessels;  2,  narrow 
belt  of  closely  aggregated  oval,  pyramidal  or 
angular  cells,  with  large  nucleus  aud  apical 
process  which- runs  towards  the  cortex;  .S, 
zone  of  pyramidal  cell,  the  summit  of  which 
ia  prolonged  into  an  apical  process  running 
towards  the  cortex,  whilst  the  opposite  part 
of  the  cell  gives  off  many  branches ;  4,  layer 
of  minute  cells  ;  5,  layer  of  large  cells  resem- 
bling the  motor  cells  of  anterior  horn  of  grey 
substance  of  spinal  cord ;  6,  layer  of  small 
cells  and  much  neuroglia. 
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is  composed  of  white  medullated  nerve  fibres.  The 
arrangement  of  the  cells  has  been  carefully  investigated; 
and  the  accompanying  woodcut  (Fig.  34),  made  by 
Mr.  Bevan  Lewis  from  his  own 
sections  of  the  grey  substance, 
is  worthy  of   attentive  con- 
sideration.   It   is  here  seen 
that  the  cells  vary  greatly  in 
size   and   form,  and  are  ar- 
ranged in  layers,  which,  how- 
ever,  differ  in  number  and 
thickness  in  different  parts. 

The  functionis  of  tlie 
cerebrum,  —  The  hemi- 
spheres of  the  cerebrum  are 
the  seat  of  all  psychical  pro- 
cesses, that  is  to  say,  they  con- 
tain the  higher  centres  which 
minister  to  thought  and  voli- 
tion. They  are  the  centres  of 
memory.  In  them  are  per- 
formed all  operations  of  reason 
and  judgment,  and  they  ini- 
tiate the  voluntary  impulses 
which  consist  in  the  intelligent 
adaptation  of  means  to  ends. 
Usually  acting  coincidental ly, 
they  are  probably  capable  by 
practice  of  being  brought  into 
separate  action.  The  effects 
of  the  removal  of  successive 
segments  of  the  encephalon 
can  be  well  studied  in  the  frog,  and  Steiner's 
results  may  here  be  given  (Fig.  35).  If  the  hemi- 
spheres of  the  brain  be  removed,  the  section  being  so 
made  as  to  follow  the  posterior  convex  border  of  the 
cerebrum  without  injuring  the  th^lamencephalon,  the 


Fig-.  35. — Brain  of  Frog 

a.  Fourth  ventricle  ;  6,  borders 
of  the  fourth  ventricle:  c, 
cerebelhim  ;  d,  optic  lobes  ;  e, 
thalamencephalon  or  "  'tween 
brain " ;  /,  cerebral  hemi- 
spheres ;  g,  olfactory  lobes ; 
A,  olfactory  nerves. 


Human  Physiology.  [Chap.  xv. 


frog  places  itself  in  the  normal  sitting  position  of  an 
uninjured  animal,  but,  failing  external  stimulus,  re- 
mains absolutely  stationary  and  immovable  in  that 
position.  It  has  no  disposition  to  seek  food,  but  so 
sits  till  death  occurs.  If  the  toes  are  pinched  it  leaps 
forwards,  and  it  cleverly  avoids  efforts  to  capture  it. 
If  a  book  be  placed  in  front  of  it,  it  leaps  to  right  or 
left  of  it,  or  over  it.  If  laid  on  its  back  it  tries  to 
recover  itself.  If  thrown  into  water  it  swims.  It  is 
capable  of  making  efforts  to  preserve  its  equilibrium, 
as  in  the  balance  experiment,  for  if  placed  on  a  book, 
and  the  book  be  slowly  tilted,  it  lowers  its  head  and 
will  crawl  up  the  inclined  plane  and  seat  itself  on  the 
back  ;  and  if  the  tilting  be  carried  still  farther  beyond 
the  right  angle,  it  will  raise  its  head  and  slowly  descend 
till  it  rests  on  the  opposite  cover  from  that  on  which 
it  was  originally  placed.  It  seems  that  sensori-motor 
actions,  or  action  made  in  response  to  sensory  im- 
pressions, are  but  little  impaired  in  the  frog  from  which 
the  central  hemispheres  have  been  removed. 

If  the  section  be  so  made  as  to  remove  the  thala- 
mencephalon,  or  'tween  brain  following — that  is  to  say, 
the  convex  anterior  border  of  the  optic  lobes — and 
dividing  the  optic  nerves,  the  phenomena  observed  are 
of  course  blindness,  and  then  within  two  hours  altera- 
tion of  the  colour  of  the  skin  from  bright  green  to 
dark  brown,  which  remains  till  death.  If  the  hind 
legs  are  pinched,  the  animal  leaps,  but  falls  more 
heavily,  and  is  longer  in  gathering  itself  together  after 
the  leap.  If  thrown  into  water  it  can  swim  well.  It 
has  lost  the  power  of  maintaining  its  equilibrium  on  ^ 
an  inclined  plane,  and  falls  to  the  ground,  though  it 
still  changes  the  position  of  its  head. 

The  next  segment  of  the  central  nervous  system  is 
the  part  named  optic  lobes  or  "  middle  brain."  This 
segment  contains  a  cavity  or  ventricle,  to  the  roof  of 
which  the  term  optic  lobes  should  properly  be  applied, 
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whilst  the  base,  or  pars  peduncularis,  is  the  continuation 
of  the  medulla  oblongata  to  the  brain.  Removal  of 
the  roof  or  optic  lobes  alone  causes  blindness,  bub 
leaves  the  animal  capable  of  leaping,  swimming,  and 
of  performing  the  balance  experiment ;  but  if  the  pars 
peduncularis  is  also  cut  through,  so  that  the  whole  of 
the  brain  up  to  the  medulla  oblongata  is  removed, 
convulsive  movements  at  first  occur,  and  from  the 
haemorrhage  that  results  death  often  occurs;  but  if  life 
is  preserved,  the  frog  can  still  swim  when  thrown  into 
the  water,  but  in  an  inco-ordinated  or  irregular 
fashion  ;  it  will  leap  if  the  legs  are  pinched,  recover 
its  position  if  laid  on  its  back,  brush  off  acid  applied 
to  the  skin,  and  no  longer  croaks  when  the  flanks  are 
stroked. 

Removal  of  the  transverse  band  of  fibres  which 
represents  the  cerebellum  of  the  higher  animals  is 
followed  by  entirely  negative  or  unrecognisable  results, 
but  if  the  section  be  carried  throughout  the  central 
nervous  system  just  behind  the  cerebellum,  the  animal 
can  no  longer  sit  up,  but  lies  prone  on  the  belly  ;  it 
remains  on  the  back  when  placed  in  that  position.  It 
can  retract  a  limb  when  the  skin  is  pinched,  but  it  has 
no  longer  any  power  of  co-ordinated  movement  with 
the  four  limbs  ;  in  other  words,  the  power  of  voluntary 
locomotion  is  lost,  and  it  cannot  therefore  swim  when 
thrown  into  water. 

Two  opinions  are  entertained  in  regard  to  the 
action  of  the  brain.  Both  agree  in  considering  that 
the  brain  is  the  instrument  of  all  the  higher  intellec- 
tual or  psychical  functions.  From  the  one  point  of 
view,  however,  it  is  maintained  that  the  nerve  cells 
are  accumulated  in  certain  regions  to  form  centres,  the 
definition  of  which  is,  indeed,  obscured  by  the  com- 
plexity of  the  communications  intervening  between 
themselves  and  between  the  centres  situated  on  lower 
planes,  as  those  of  the  basal  cerebral  ganglia  and  the 
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ganglia  of  the  medulla  oblongata  and  spinal  cord,  but 
which  act  like  other  centres  in  a  reilex  manner  to 
stimuli  that  affect  them  from  without  or  from  within. 
From  the  other  point  of  view  it  is  considered  that 
although  the  brain  is  physically  a  part  of  the  nervous 
system,  it  is  to  be  regarded  as  the  organ  through 
which  the  mind  of  man  operates,  as  a  w^hole,  and  as 
having  altogether  superior  functions  to  any  other  part 
of  the  nervous  system,  directing,  controlling,  and 
otherwise  influencing  the  lower  centres.  It  is  re- 
garded as  the  organ  of  the  will,  which  acts  in  a  mode 
that  is  incomprehensible  indeed,  but  which  is  evident 
enough,  through  the  cerebral  cells. 

The  difference  of  opinion  in  regard  to  the  mode  of 
action  of  the  brain  between  physiologists  is  analogous 
to  that  which  exists  between  materialists  and  spiri- 
tualists. To  illustrate  the  views  by  an  example.  A 
man  voluntarily  thrusts  forth  his  arm,  or  he  determines 
to  think  of  some  object,  as  a  horse;  and  says,  "See; 
I  believe  in  the  independence  of  the  will.  I  choose 
to  thrust  forth  my  arm,  and  I  do  so;  I  choose  to  direct 
my  thoughts  to  a  horse,  and  I  do  so."  The  spiritualist 
contends  that  herein  is  the  evidence  of  a  something 
separate  from  the  body,  the  mind,  which  has  called  into 
play  the  centres  that  are  capable  of  exciting  the  con- 
traction of  the  extensor  muscles  of  the  arm,  or  those 
which,  when  collectively  excited,  make  up  our  idea  of 
a  horse.  He  maintains  there  need  be  no  antecedent 
stimulus,  but  that  the  mind  has  originated  within  itself 
the  necessary  conditions  for  the  acts  in  question. 

The  materialist,  on  the  other  hand,  sees  in  such 
operations  nothing  more  than  reflex  acts,  though  of  a 
somewhat  higher  or  complex  nature  than  those 
ordinarily  performed  by  the  spinal  cord  or  medulla 
oblongata.  The  man,  he  maintains,  does  not  thrust 
forth  his  arm,  or  think  of  a  given  animal,  until  other 
groups  of  cells  have  been  excited  or  aroused,  either  by 
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the  mere  stimulus  of  discussion  or  by  the  sequence  of 
a  train  of  ideas,  each  of  which  is  immediately  related 
to  that  which  has  preceded  it.  From  this  point  of 
view  there  is  no  such  thing  as  free  will.  The  acts 
and  thoughts  of  a  man  are  the  results  partly  of  original 
and  hereditary  conformation,  partly  of  the  direction  of 
his  own  occupation  and  pursuits  ;  and  were  it  possible 
for  us  to  know  the  whole  antecedents  of  the  individual, 
it  would  be  possible  to  predict  what  his  conduct 
would  be  in  any  given  crisis.  Instincts  may  be  re- 
garded as  habits  which  have  become  hereditary  and 
fixed  by  natural  selection.  The  consideration  of  these 
questions  is  not,  however,  adapted  for  an  element- 
ary book,  and  must  be  looked  for  in  larger  treatises. 

JCxcitability  of  the  brain.— It  was  long  con- 
sidered that  it  was  impossible  to  excite  the  brain 
to  the  manifestation  of  its  powers  by  direct  stimulation 
of  ^ny  kind.  But  the  experiments  of  Hitzig  and  Terrier 
have  shown  that  this  conclusion  was  the  result  of 
imperfect  observation,  and  that  the  application  of 
electric  currents  to  different  parts  of  the  cerebral 
surface  is  followed  by  movements  of  very  various 
kinds,  and  by  evidences  of  sensation,  whilst  the 
destruction  of  these  regions  occasions  loss  of  sensation 
in  the  one  case,  and  loss  of  voluntary  control  over  the 
muscles  that  respond  to  the  stimulation  in  the  other. 
In  Ferrier's  experiments  the  electric  stimulus  employed 
was  that  derived  from  a  single  Daniell's  cell,  which  is 
strong  enough  to  be  just  borne  when  applied  to  the 
tongue.  The  application  of  the  electrodes  produces 
very  decided  movements ;  and  if  they  are  shifted  over 
a  sulcus  to  a  different  convolution,  a  different  set  of 
muscles  is  immediately  called  into  action.  The 
following  regions  haVe  been  mapped  out,  and  it  will 
be  seen  that  the  motor  area  occupies  the  middle  region 
of  the  brain,  and  that  it  is  capable  of  being  subdivided 
into  areas  of  smaller  extent,  stimulation  of  which 
z— 5 
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excites  movements  in  various  well-defined  regions  of 
the  body.  The  antero-frontal  and  occipital  regions 
give  no  result  on  stimulation,  nor  does  the  island  of 
Reil  react.  They  have  hence  been  regarded  as 
sensory  centres  (Figs.  36  and  37). 

Terrier  believes  he  has  been  able  to  localise  certain 


Fig.  36. — Lateral  Aspect  of  the  Cerebrum.    The  Shaded  Portion 
shows  the  Motor  Area. 

A,  Frontal  region,  higher  psychical  region ;  b,  motor  area  for  head  and  eyes ;  c, 
motor  area  for  arm,  including  in  succession  from  above  downwards,  shoulder, 
elbow,  wrist,  fingers  and  thumb,  the  letter  o  being  on  the  area  for  the  move- 
ments of  the  elbow ;  D,  trunk:  B.face,  including  upper  face  and  lower  face, 
with  tongue,  throat,  and  larynx :  r,  motor  area  for  leg,  including  hallux,  foot 
and  toes,  hip  and  knee ;  h,  area  for  general  sensation ;  i,  visual  area ;  J,  audi*- 
tory  area ;  k,  posterior  part,  area  for  naming.  {After  Mills.) 

regions  of  special  sense;  viz.  1.  The  psycho-optic  centre. 
Blindness  results  from  destruction  of  the  angular  gyrus 
(Ferrier),  or  the  occipital  lobes  (Munk);  but  this  is  only 
temporary  if  the  other  angular  gyrus  is  uninjured  ;  if 
both  are  destroyed,  the  blindness  is  complete  and 
permanent.  2.  The  psycho-acoustic  centre.  Deafness 
results  from  destruction  of  the  superior  temporo- 
sphenoidal  convolutions.  3  Loss  of  tactile  sensibility 
results  from  destruction  of  the  hippocampus  major  and 
hippocampal  convolutions.  4.  Loss  of  sme/^  results  from 
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destruction  of  the  hippocampus,  or  tip  of  the  uncinate 
convolution.  5.  Loss  of  taste  results  from  destruction 
of  the  lower  part  of  the  temporo-sphenoidal  lobe. 

The  removal  of  the  cerebrum  in  the  higher  animals 
appears  to  plunge  the  animal  into  a  deep  sleep,  from 
which  no  irritation  ever  seems  able  to  rouse  it  into 


Fig.  37.  — Median  Aspect  of  tiie  Cei'e'brum,     The  shaded  portion  of  this 
Woodcut  shows  the  Motor  Area. 

Muscles  of  head ;  muscles  of  arm  ;  c*  muscles  of  trunk ;  n,  muscles  of  leg  } 
B,  the  sensory  area ;  f,  Tisual  area ;  g,  olfactory  area ;  h,  gustatory  area. 
{After  Mills.) 


full  activity,  although  it  may  give  manifestations  of 
consciousness.  It  is  worthy  of  observation,  however, 
that  large  portions  of  the  brain  may  be  destroyed  by 
disease,  or  removed  in  consequence  of  accidents,  with- 
out very  material  impairment  of  function,  so  that 
it  is  possible  that  a  process  of  substitution  may 
take  place.  Thus,  for  example,  in  a  dog  operated  on 
by  Prof.  Goltz,  the  anterior  portion  of  the  left  hemi- 
sphere was  removed  in  May,  1887.  In  January,  1888, 
the  remainder  of  the  hemisphere  was  removed  by  a 
second  operation,  and  in  March,  1888,  the  left  eye 
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was  removed.  The  dog  was  killed  in  September, 
1889,  and  the  brain  was  examined  in  England  by 
Langley  and  Griinbaum,  who  satisfied  themselves 
that  the  whole  of  the  cortex  of  the  left  hemisphere 
had  been  removed,  except  a  small  portion  of  the 
hippocampal  convolution  and  a  little  grey  matter 
round  the  optic  chiasma,  that  the  left  corpus  striatum 
had  been  removed,  and  that  the  nerve  cells  of  the 
left  optic  thalamus  had  degenerated.  Notwithstand- 
ing this,  the  animal  before  death  appeared  to  retain 
voluntary  power  over  all  its  muscles,  and  could  feel  in 
every  part  of  its  body.  If  allowed  to  run  freely,  he 
tended  to  move  to  the  left  in  large  circles;  but  if 
called,  he  came  in  a  straight  line  to  the  person  calling 
him.  He  gazed  fixedly  at  food  with  his  remaining 
right  eye,  like  a  healthy  dog.  He  could  run,  stand  on 
his  hind  legs,  and  move  his  tongue  symmetrically.  He 
was  very  watchful,  and  barked  loudly.  Pressure  or 
pinching  of  any  part  of  his  body  made  him  squeak. 
In  fact,  the  right  hemisphere  alone  seemed  to  be  com- 
petent to  discharge  the  function  of  both  hemispheres. 
Such  an  experiment  throws  much  doubt  on  the  exist- 
ence of  sharply-defined  motor  and  sensory  areas,  and  it 
seems  more  probable  that  in  the  brains  of  all  mammals 
there  is  a  disposition  to  specialisation,  and  to  the 
localisation  in  certain  regions  of  functions  that  can 
be  carried  on  or  performed  by  any  part  of  these 
nervous  centres. 

The  speech  centre. — One  of  the  best  defined 
regions,  and  that  one  which  has  been  longest  known, 
is  the  region  through  which  speech  is  effected.  It  is 
the  third  left  frontal  convolution,  which  is  in  part 
continuous  with  the  island  of  Reil.  In  rare  instances 
lesions  have  been  observed  in  the  right  third  frontal 
convolution  which  have  led  to  loss  of  speech.  Moat 
men,  therefore,  are  left-brained  speakers,  just  as  most 
men  are  right-handed,  which  is  also  associated  with 
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special  development  of  the  left  brain.  In  the  cases 
where  lesion  of  the  right  third  frontal  convolution  has 
caused  loss  of  speech  the  individuals  have  also  been 
left-handed. 

The  duration  of  psychical  processes. — It 

has  been  ascertained  that  a  visual  impression  induced 
by.  a  constant  stimulus  is  not  constant  in  intensity, 
but  increases  from  zero  till  it  reaches  a  maximum,  and 
then  gradually  diminishes.  The  same  holds  in  regard 
to  the  ears,  except  that  it  is  not  known  whether  after 
a  certain  time  the  sensation  diminishes  in  intensity  ; 
and  it  is  observed  also  in  the  perception  of  gustatory 
and  olfactory  sensations.  In  the  latter  cases  the 
process  is  so  slow  that  it  becomes  highly  probable  that 
it  is  to  be  referred  to  conditions  of  the  terminal 
apparatus  rather  than  to  peculiarities  of  the  cerebral 
nervous  organs.  It  is  known  that  for  a  visual  stimulus 
to  give  a  continuous  impression  there  must  be  more 
than  twenty-four  impulses  in  the  second ;  yet  if  the 
optic  nerve  be  directly  stimulated  by  means  of  sixty 
shocks  of  electricity  per  second,  the  impression  is  by 
no  means  continuous,  though  the  latter  stimulus  may 
be  less  intense  than  the  first.  Here,  again,  it  may  be 
deduced  that  the  tardy  course  of  visual  sensations  is 
due  to  the  slow  process  of  excitation  of  the  retina,  and 
not  to  slowness  of  perception  on  the  part  of  the  brain. 
It  is  to  the  different  rapidity  with  which  the  terminal 
organs  respond  to  impressions,  though  partly  also  to 
the  different  speed  of  conduction  in  the  nerves,  that 
the  difference  in  fixing  the  exact  time  of  the  occurrence 
of  any  phenomenon  is  due.  That  such  difference 
exists  has  long  been  known  to  astronomers,  by  whom 
it  is  recognised,  and  allowed  for  under  the  name  of 
'personal  equation.  In  astronomical  observations  it  is 
of  great  importance  to  fix  the  precise  moment  when, 
for  example,  the  transit  of  a  star  takes  place  across 
the  hair  line  of  a  telescope,  and  this  is  done  by 
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comparing  what  is  seen  with  what  is  heard,  as  the 
click  of  a  clock ;  or  by  pressing  the  knob  of  an  elec- 
tric apparatus  at  the  moment  of  observation  of  the 
transit  ;  but  if  one  observer  fixes  the  moment  of 
transit  as  occurring  at  a  given  moment,  another 
observer  may  make  it  one  half  second  or  even  a  whole 
second  later.  In  this  case  the  time  as  given  by  the 
last  observer  must  have  a  certain  deduction  made, 
when  compared  with  the  first,  in  order  that  correct 
results  should  be  obtained. 

Rapidity  of  perception.  Ttie  smallest 
difference. — How  quickly  can  two  sensory  impres- 
sions follow  each  other,  and  the  succession  in  point  of 
time  be  correctly  stated  %  The  answer  to  this  question 
gives  the  smallest  difference.  In  the  case  of  the 
visual  sense,  where  the  same  part  of  the  retina  is 
stimulated,  this  has  been  determined  by  rotating  a 
disk  with  black  and  white  sectors  before  the  eye,  and 
it  has  been  found  that  with  ordinary  daylight  the 
retina  must  be  stimulated  about  twenty-four  times  in 
the  second  before  it  assumes  a  uniform  grey  aspect, 
that  is,  for  the  smallest  difierence  to  be  surpassed.  In 
this  way  a  smallest  difierence  of  ^^3^  second  is  obtained. 
It  is  not  necessary,  however,  that  the  white  sectors 
should  be  of  the  same  size  as  the  black,  in  order  that 
with  twenty-four  stimuli  in  the  second  a  uniform  grey 
should  appear ;  which  shows  that  it  is  the  alternation 
and  not  the  duration  of  each  impression  which  is 
of  importance.  When  difierent  parts  of  the  retina 
are  affected,  as  when  a  point  is  watched  where  two 
electric  sparks  can  be  made  to  appear  quickly,  one  after 
the  other,  the  images  of  which  upon  the  retina  are  not 
separated  by  a  greater  interval  than  0*011  mm.,  and 
which,  therefore,  both  fall  on  the  yellow  spot,  it  can  be 
determined  which  spark  first  appears,  when  the  inter- 
vening period  is  not  more  than  0*044:  sec.  In  the  case 
of  the  ear,  when  the  sound  attended  to  is  that  caused 
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by  two  electrical  sparks  quicklj  succeeding  each  other, 
it  can  be  perceived  that  there  are  two,  and  that  one 
is  earlier  than  the  other,  when  it  precedes  it  by  no 
more  than  0*002  sec.  It  is  remarkable  that  the 
minimum  difference  for  one  ear,  when  both  sounds 
affect  it,  is  smaller  than  when  one  sound  affects  one 
ear  and  the  other  the  other  ear ;  as  is  shown  by  the 
fact  that  a  slight  inequality  of  beat  can  be  distinctly 
perceived  when  two  watches  are  held  before  the  same 
ear,  which  is  imperceptible  when  one  watch  is  held 
before  one  ear  and  the  other  before  the  opposite  one. 
In  regard  to  tactile  impressions,  great  differences 
appear  to  exist  in  regard  to  the  shortness  of  the 
interval  between  a  series  of  tactile  impressions,  in 
order  that  they  should  no  longer  be  perceived  to  be 
discontinuous  but  fused  into  one.  Preyer  stands  alone 
in  stating  that  from  twenty-eight  to  thirty-eight  beats 
per  second  give  a  continuous  sensation.  Valentin 
gives  the  limits  as  varying  from  480  to  640,  and 
Y.  Wittich  places  it  at  about  1,000. 

Recogfiiition  of  simultaneous  impressions 
on  eye  and  ear. — If  an  electric  spark  be  made  to 
appear,  and  simultaneously  a  bell  be  struck,  the 
coincidence  of  the  two  in  point  of  time  is  not  easily 
or  certainly  recognised  ;  and  if  it  is  unknown  whether 
they  are  precisely  simultaneous  or  not,  the  subject  of 
the  experiment  will  often  rightly  state  that  they  are 
simultaneous,  but  often  also  that  the  sound  precedes 
the  spark  ;  he  will  rarely  state  that  the  spark  precedes 
the  sound.  In  a  large  series  of  experiments,  in  which 
a  judgment  has  to  be  formed  between  the  precedence 
of  a  sight  or  sound,  it  has  been  found  that  the  per- 
ception of  sound  is  a  trifle  earlier  than  that  of  light. 
The  ear  is  quicker  than  the  eye. 

Reaction  time. — By  this  is  meant  the  time 
between  the  application  of  a  stimulus  to  some  sensory 
nerve,  and  the  time  when  a  signal  is  made  to  indicate 
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that  it  has  been  perceived.  This  experiment  may  be 
conducted  in  a  variety  of  ways.  By  Helmholtz  and 
others  it  has  been  done  by  applying  a  stimulus  to 
one  hand  and  signalling  with  the  other ;  and  the 
results  of  observations  made  by  different  experi- 
menters have  given  very  different  results.  One  ob- 
server, for  example,  found  it  to  be  0*1087  sec,  and 
another  0-1911,  or  nearly  twice  as  long.  But  the 
experiment  may  also  be  conducted  by  stimulating 
other  sensory  nerves,  as  the  eye  and  ear,  whilst  still 
making  the  hand  signal.  The  sudden  appearance  of  a 
light  required  a  period  of  0*1139  sec.  to  be  signalled, 
and  the  occurrence  of  a  sudden  sound  0*1360  sec,  by 
the  same  observer. 

Instead  of  the  hand,  the  lower  jaw  and  foot  have 
been  made  to  signal.  The  reaction  time  from  the  eye 
stimulated  by  an  electric  spark  to  the  lower  jaw  is 
0*1377  sec,  and  from  eye  to  foot,  0'1840  sec. 

Personality  has  much  to  do  with  the  rapidity 
of  propagation  of  nervous  impulses.  Thus,  an  in- 
telligent young  man,  much  interested  in  this  question, 
was  compared  with  an  old  man  of  seventy-seven 
from  the  Union,  and  it  was  found  that,  whilst  the 
reaction  time  from  hand  to  hand  for  the  youth 
was  0*3311  sec,  for  the  old  man  it  was  0*9952 
sec.  But  practice  can  be  shown  to  be  of  importance, 
for  experiments  continued  for  more  than  half  a  year 
with  the  same  old  man  showed  extraordinary  im- 
provement, since  in  June  his  reaction  time  was 
as  above,  but  with  ten  days'  practice  it  had  fallen 
to  0*3576  sec,  and  in  January  of  the  following 
year  it  was  only  0*1866  sec.  Exhaustion  of  the 
attention  prolongs  the  reaction  time.  Intensity  of 
stimulus  abbreviates  it.  The  processes  that  are  in- 
cluded in  the  reaction  time  are  numerous.  They  are : 
1.  The  conduction  of  the  stimulus  or  sensory  impulse 
through  the  nerve  and  the  spinal  cord  to  the  central 
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organ;  2.  Conversion  of  the  sensory  impression  into 
a  motor  impulse;  3.  Centrifugal  conduction  of  the 
motor  impulse  through  the  spinal  cord  and  motor 
nerve.  4.  Liberation  of  the  muscular  movement.  If, 
in  addition  to  the  mere  reaction  time,  a  judgment 
has  to  be  formed  (that  is  to  say,  that  one  of  two 
colours  is  presented  to  the  eye,  or  two  sounds  to  the 
ear,  and  a  signal  corresponding  to  each  has  to  be 
touched),  it  is  found  that  a  period  of  0*036  sec.  has 
to  be  added  to  the  reaction  period. 

Sleep. — Sleep  consists  in  the  more  or  less  com- 
plete suspension  of  the  psychical  operations,  whilst 
the  purely  vegetative  processes  are  continued,  though 
usually  with  diminished  energy.  The  heart,  for 
example,  beats  less  frequently,  the  respirations  are 
slower,  and  the  digestive  operations  are  less  active. 
The  cause  of  sleep  is  unknown.  It  is  probably 
primarily  associated  with  the  great  cosmical  alterna- 
tion of  day  and  night,  and  with  the  diminished  mole- 
cular activity  that  takes  place  in  the  cerebral  cells 
during  the  hours  of  darkness.  It  may  also,  as  Dr. 
Capper  believes,  be  in  part  attributable  to  altered 
conditions  of  the  cerebral  circulation,  and  perhaps  also 
to  diurnal  variations  in  the  amount  of  oxygen  absorbed. 
Its  duration  varies  greatly  with  age.  The  infant  and 
old  person  sleep  half  their  time  away,  whilst  in  mid 
age,  especially  when  mental  strain  is  experienced  and 
work  has  to  be  done,  five  or  six  hours  are  all  that 
is  needed.  The  conditions  most  favourable  for  sleep 
are  moderate  fatigue  both  of  mind  and  body,  recent 
but  moderate  supply  of  food,  quietude  or  monotonous 
sound,  absence  of  anxiety,  and  habit.  It  has  been 
observed  in  some  pathological  cases  in  which  several 
of  the  senses  have  been  abolished  (as  those  of 
touch,  sight,  smell,  and  taste,  whilst  hearing  has 
been  retained)  that  the  suppression  of  this  remaining 
sense  rapidly  induces  sleep.    In  many  persons  sleep 
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is  very  profound,  and  some  time  elapses  on  being 
awakened  before  they  can  gather  their  senses  together ; 
whilst  others  sleep  with  their  faculties  about  them,  or 
at  least  within  ready  call,  so  that  the  slightest  noise  or 
touch  awakes  them.  Such  persons  are  often  capable  of 
fixing  very  accurately  the  time  when  they  shall  awake. 

Hypnotism.  Mesmerism. — In  ordinary  cir- 
cumstances, when  sensory  impressions  arrive  at  the 
cerebrum,  and  reach  the  highest  centres,  they  give  rise 
to  ideas,  and  a  just  and  reasonable  estimate  can  be 
formed  of  their  nature,  whilst  the  thoughts  they 
engender  can  be  controlled  and  directed.  A  train  of 
thought  thus  excited  only  ceases  in  consequence  of 
new  impressions  being  received  which  obliterate  the 
old  ones  by  causing  the  ideas  to  run  in  other  channels, 
or  by  the  liberation  of  motor  impulses,  or  lastly,  by  the 
supervention  of  sleep.  But  under  certain  special  and 
peculiar  conditions  the  functions  of  the  higher  centres 
which  exercise  the  faculties  of  reason  and  judgment  can 
be  abrogated,  whilst  the  lower  cerebral  centres  still 
remain  active  and  capable  of  responding  to  impres- 
sions from  without.  The  conception  of  the  nature 
of  these  impressions  and  the  ideas  to  which  they  give 
rise  can  be  curiously  modified  by  certain  proceedings 
which  throw  the  patient  into  a  drowsy  or  dreamy 
condition.  Thus  if  some  bright  or  well-defined  object 
is  long  contemplated,  so  that  the  mind  is  absorbed  in 
its  consideration,  or  if  the  body  and  limbs  be  placed 
in  some  unusual  and  constrained  position,  or  if  certain 
stroking  or  wavy  movements  be  made  before  the  eyes 
of  the  patient,  the  hypnotic  state  is  induced,  and  the 
more  readily  and  completely  the  more  frequently  the 
experiment  is  repeated.  In  this  state,  impressions 
made  on  the  several  senses  no  longer  produce  their 
usual  efiects — that  is,  do  not  excite  the  ideas  with 
which  they  are  commonly  associated — and  can  be 
easily  diverted  into  other  channels,  exciting  ideas  of  a 
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different  or  even  of  an  opposite  kind.  Thus  an  hyp- 
notised subject  can  by  suggestion  from  without  be 
made  to  believe  that  the  taste  of  quinine  is  sweet,  that 
water  has  the  flavour  of  particular  wines,  that  a 
fragrant  perfume  is  disgusting,  and,  more  remarkable 
still,  that  injury  to  his  nerves  is  unattended  by  pain 
and  that  he  does  not  possess  the  power  of  voluntary 
movement.  Surgical  operations  have  been  performed 
without  any  expression  of  pain,  whilst  on  the  other 
hand,  pathological  effects  can  be  produced,  a  blister 
following  the  application  of  a  piece  of  tissue  paper  if 
that  idea  and  expectation  be  strongly  excited.  By 
some  hypnotism  has  been  held  to  be  sleep'  of  the 
spinal  cord. 

Ouiding:  sensations. — In  order  that  the  will 
should  call  a  definite  group  of  muscles  into  play,  it 
must  be  cognisant  of  the  position  of  the  parts  about 
to  be  moved  and  of  the  state  of  the  muscles  it  is 
about  to  cause  to  contract.  This  knowledge  is 
afforded  by  guiding  sensations,  the  existence  of  which 
in  health  has  been  deduced  rather  from  the  observa- 
tion of  the  phenomena  of  disease  than  by  direct 
evidence  under  normal  conditions,  for  it  is  found  that 
if  the  sensibility  of  any  part  be  lost,  or  if  the  guiding 
sensations  derived  from  the  visual  and  aural  senses 
be  suddenly  removed,  great  difficulty  is  experienced 
in  the  performance  of  movements  that  seem,  under 
ordinary  conditions,  to  be  executed  quite  uncon- 
sciously. Many  examples  of  this  might  be  cited,  but 
amongst  others  may  be  mentioned  that  in  certain 
conditions  of  ataxia,  though  there  may  be  no  loss  of 
power  in  the  muscles  of  the  limb,  the  patient  walks 
with  difficulty,  unsteadily,  and  with  tottering  gait, 
because,  in  consequence  of  the  loss  of  tactile  sensibility 
in  the  feet,  he  does  not  exactly  recognise  their  posi- 
tion, and  is  therefore  unable  to  plant  them  properly. 
In  like  manner,  a  woman  is  unable  for  any  length  of 
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time  to  hold  her  child  in  her  arms,  but  the  sense  of 
position  of  the  brachial  muscles  being  lost,  they 
unconsciously  yield  to  gravity,  and  the  arm  falls. 
The  guiding  sensations  derived  from  the  eye  are  those 
upon  which  we  chiefly  depend  in  our  ordinary  life  ; 
and  every  one  must  have  experienced  the  sense  of 
insecurity,  and  the  difficulty  of  pursuing  a  straight 
course,  when  the  eyes  are  blindfolded.  It  is  inter- 
esting to  observe,  moreover,  that  guiding  sensations 
derived  from  one  sense  may  supply  the  loss  of  those 
from  another,  for  in  such  cases  of  ataxia  as  those 
above  mentioned,  the  deficiency  of  the  muscular  sense 
may  be  made  good  by  the  visual,  standing  and  walking, 
or  the  preservation  of  the  child,  being  accomplished, 
provided  the  patient  looks  at  the  limbs.  A  sense  of 
vertigo  or  insecurity  may,  in  a  similar  manner,  be 
produced  by  the  supervention  of  sudden  deafness. 
The  precise  adjustment  of  the  muscles  of  the  larynx 
which  is  required  for  the  emission  of  vocal  sounds  is 
effected  through  the  auditory  sense,  for  when  this  is 
absent,  vocal  intonation  is  learned  with  difficulty 
through  the  eye,  and  the  voice  is  never  pleasing.  It 
would  be  impossible  for  a  person  born  deaf  to  become 
a  brilliant  or  even  moderately  good  singer.  Many 
habitual  actions  are,  when  once  commenced  by  the 
will,  maintained  by  the  existence  of  guiding  sensa- 
tions. Thus,  in  mastication  the  act  may  be  continued 
whilst  the  mind  is  wholly  absorbed  in  a  train  of 
thought  and  directs  no  attention  to  the  process, 
though  there  is  a  disposition  in  such  cases  to  continue 
to  turn  the  same  morsel  over  and  over  in  the  mouth 
rather  than  to  proceed  to  the  next  act,  of  deglutition. 
Guiding  sensations  may  occasionally  be  antagonistic, 
and  the  movements  may  then  become  uncertain.  In 
walking  across  a  plank  at  a  great  height,  although  the 
feet  are  in  contact  with  solid  material,  yet  the  sense 
of  insecurity  occasioned  by  the  unusual  condition  of  not 
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being  able  to  see  or  fix  any  object  with  the  eye  between 
the  near  plank  and  the  remote  ground  renders  the 
movements  of  the  limbs  and  the  maintenance  of  the 
equilibrium  exceedingly  difficult,  especially  if  there  be 
any  swaying  of  the  plank  itself ;  yet  no  difficulty  is 
experienced  in  walking  along  a  narrow  plank  in  the 
flooring  of  a  room,  when  all  accessory  guiding  sensa- 
tions are  brought  into  action. 

Ideas. — Ideas  are  to  be  regarded  as  a  mental 
state  or  representation,  which  assumes  the  character 
of  an  independent  intellectual  reality  (Carpenter). 
In  forming  them,  the  mind  is  determined  by  the 
nature  and  intensity  of  the  various  affections  of  its 
consciousness  which  have  been  excited  by  the  object ; 
and  as  these  depend  in  part  upon  the  original  consti- 
tution of  the  cerebrum,  and  in  part  upon  the  mode  in 
which  its  activity  has  been  habitually  exercised,  it 
follows  that  the  ideas  of  the  same  object  or  occurrence 
which  are  formed  by  different  individuals  may  be 
widely  discrepant.  There  are  some  ideas  which  are  so 
constantly  present  in  every  soundly  constituted  mind 
that  they  have  been  named  primary  beliefs,  or  funda- 
mental axioms.  The  chief  of  these  are  :  Belief  in  our 
present  and  in  our  past  existence  j  belief  in  the 
external  and  independent  existence  of  the  causes  of 
our  feelings,  leading  us  to  distinguish  the  ego  from  the 
non  ego ;  the  belief  in  the  existence  of  an  efficient 
cause  for  the  changes  we  witness  around  us  ;  the  belief 
in  the  uniformity  of  the  order  of  nature  ;  and  the 
belief  in  our  own  free  will. 

Emotions. — These  may  be  regarded  as  being 
constituted  by  certain  classes  of  ideas  to  which  feelings 
of  pleasure  or  of  pain  are  attached.  They  include  the 
mental  states  of  joy,  hope,  surprise,  fear,  and  the  like. 
They  are  apt  to  lead  to  the  liberation  of  movements 
which  are  peculiarly  characteristic  of  the  emotion 
experienced^ 


398 


Human  Physiology.  [Chap.  xv. 


L<aws  of  mental  association  of  ideas. — The 

most  important  of  the  laws  which  have  been  laid 
down  by  psychologists  in  regard  to  the  succession  of 
our  mental  states  are  those  which  relate  to  the  asso- 
ciation of  ideas.  The  first  of  these  is  the  law  of 
contiguity^  which  is  to  the  effect  that  two  or  more 
states  of  consciousness  habitually  existing  together  or 
in  immediate  succession,  tend  to  cohere,  so  that  the 
future  occurrence  of  any  one  of  them  restores  or 
revives  the  other.  Good  examples  of  this  may  be 
drawn  from  the  memory  of  any  common  object,  such 
as  an  orange,  the  idea  called  up  by  the  sound  of  the 
word  blending  together  many  attributes  of  the  fruit, 
as  colour,  surface,  form,  consistence,  and  even  internal 
structure,  which,  by  having  been  frequently  presented 
coincidentally  to  our  senses,  have  grown  together  in 
the  mind,  and  recur  together  when  one  or  other  of 
them  is  thought  of.  Of  this  law  of  contiguity  we 
have.  Dr.  Carpenter  remarks,  a  most  important  ex- 
ample in  the  association  which  the  mind  early  learns 
to  form  between  successive  events,  so  that  when 
the  first  has  been  followed  by  the  second  a  sufficient 
number  of  times  to  form  the  association,  the  occur- 
rence of  the  first  suggests  the  idea  of  the  second ;  if 
that  idea  be  verified  by  its  occurrence,  a  definite 
expectation  is  formed  ]  and  if  that  expectation  be 
unfailingly  realised,  the  idea  acquires  the  strength  of 
a  belief.  And  thus  it  is  that  we  come  to  acquire  that 
part  of  the  notion  of  "  cause  and  eftect "  which  rests 
upon  the  invariability  of  sequence,"  and  to  form  our 
fundamental  conception  of  the  uniformity  of  nature. 

Law  of  similarity. — This  law  is  to  the  efiect 
that  present  sensations  and  thoughts  have  a  tendency 
to  revive  preceding  states  of  consciousness  which 
resemble  them.  Having  once  seen  and  eaten  a  bunch 
of  grapes,  we  recogr^ise  a  second  bunch,  though  it  may 
be  much  larger  or  smaller,  and  even  though  the  colour 
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may  be  different ;  the  form  of  the  individual  berries, 
as  well  as  their  arrangement,  predominating  over  the 
colour,  and  rendering  us  certain,  when  the  colour 
might  engender  a  doubt.  Some  minds,  however,  take 
note  of  differences  with  greater  quickness  than  of 
similarity.  Minds  that  are  capable  of  perceiving 
minute  points  of  resemblance  or  of  difference,  like  that 
of  Linnaeus,  are  well  adapted  to  classify  and  arrange 
natural  objects ;  and  the  recognition  of  similarity  and 
dissimilarity  between  mental  images  and  ideas  is  a 
characteristic  of  the  highest  order  of  minds,  such  as 
those  of  Shakespeare,  Bacon,  Descartes,  and  Newton. 

There  is  yet  another  law,  termed  the  law  of  con- 
structive  association,  which  is  the  foundation  of 
the  imagination,  and  examples  of  which  are  found  in 
those  cases  in  which,  from  an  outline  or  a  sketch,  we 
build  up  a  complete  form,  or  in  which  we  combine 
two  or  more  dissimilar  ideas  into  a  concordant  whole. 
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CHAPTER  XYI. 

THE  SENSES. 

Psycho-physical  law.— Our  sensations,  asHelm- 
holfcz  has  pointed  out,  are  only  the  signs  of  external 
objects  from  which  they  are  totally  different,  but 
which  our  judgment  has  learned  to  interpret  always 
in  the  same  sense.  Sensations  differ  in  kind  and  in 
intensity.  Those  of  hearing,  sight,  and  of  the  other 
special  senses  as  they  are  termed,  differ  in  kind,  or 
are  specifically  distinct  from  each  other,  and  no  com- 
parisons, except  of  a  very  recondite  nature,  can  be  in- 
stituted between  them.  The  variations  in  the  intensity 
of  each  kind  of  sensation  are,  on  the  contrary,  con- 
stantly being  brought  under  our  consideration,  and 
our  judgment  is  being  constantly  exercised  in  deter- 
mining their  amount  or  degree.  It  has  been  found 
by  experiment  that  for  a  difference  to  be  recognised 
by  the  mind  in  the  intensity  of  any  sensation,  the 
increase  or  the  diminution,  as  the  case  may  be,  must 
bear  a  certain  proportion  to  the  total  intensity  of  the 
sensation.    This  is  the  psycho-physical  law. 

Thus,  in  the  case  of  the  sense  of  pressure,  estimated 
by  placing  weights  on  the  well- supported  hand,  or  in 
the  case  of  weights  balanced  in  the  free  hand,  where 
the  sense  of  pressure  is  combined  with  that  of  mus- 
cular effort,  it  is  found,  in  order  that  a  difference 
should  be  perceived,  that  the  same  fraction  of  the 
total  weight  must  be  added  or  taken  away  whether 
this  be  grains  or  pounds.  In  each  case  the  proportion 
must  be  at  least  as  29  :  30  before  a  difference  can  be 
perceived.  The  psycho-physical  law,  in  fact,  enun- 
ciates the  relations  which  exist  between  the  intensity 
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of  physical  agents  and  their  psychical  results,  sensa- 
tion (Nuel).  The  proportion  is  not,  however,  the 
same  in  other  senses  ;  thus,  in  the  case  of  light  it  is 
as  100  :  101  ;  for  if  we  suppose  a  screen  of  a  uniform 
white  divided  into  two  halves,  each  lighted  by  one 
candle,  and  if  now  one  of  the  candles  be  approxi- 
mated to  the  screen,  the  intensity  of  the  light  will  be 
increased  in  that  half,  and  if  the  distance  of  the 
candle  from  the  screen  be  noted  at  the  moment  when 
we  perceive  a  sensible  augmentation  in  the  light  of 
that  half  on  which  it  falls,  we  shall  find  that  the 
distance  of  one  candle  is  just  y^o^h  more  than  thafc 
of  the  other  candle.  But  it  matters  not  whether  the 
number  of  candles  by  which  each  half  is  illuminated 
be  two,  or  ten,  or  one  hundred,  for  it  will  be  found 
that  a  difference  is  always  perceived  when  the  bright- 
ness of  one  half  of  the  screen  is  one-hundredth  more 
than  that  of  the  other.  This  law  is,  of  course,  true 
only  within  certain  limits;  with  very  heavy  or  ex- 
tremely light  weights,  or  with  such  extremely  vivid 
lights  as  that  of  the  sun  or  the  carbon  points  of  a 
powerful  electric  battery,  no  difference  would  be  per- 
ceived. Even  with  the  various  sensations  of  the 
same  sense  some  difference  in  the  proportion  occurs. 
Thus,  in  the  case  of  luminous  sensations,  in  order  that 
a  difference  of  intensity  in  red  should  be  perceived, 
the  difference  in  intensity  must  be  as  much  as  70  :  71  ; 
in  orange  as  78  :  79  ;  in  yellow  and  green  as  286  :  287  ; 
in  blue  as  212  :  213  ;  and  in  violet  as  109  :  110.  We 
perceive  slight  variations  in  intensity  in  yellow  and 
green  far  more  readily  than  in  red. 

Tlie  eye, — The  eye  is  a  camera  obscura,  and 
the  images  of  external  objects  are  depicted  on  the 
retina,  which  is  a  concave  screen  lining  its  posterior 
surface.  The  images  here  formed  are  inverted,  and 
greatly  reduced  in  size.  The  similarity  of  the  eye  to 
a  photographic  apparatus  is  rendered  very  striking  by 
A  A — 5 
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the  circumstance  that  the  rhodopsin,  visual  purple,  or 
colouring  matter  of  the  rods  and  cones,  is  bleached 
by  exposure  to  light,  so  that  by  the  application  of 
appropriate  chemical  agents  the  image  of  a  brightly 
illuminated  object  can  be  fixed  on  the  retina  and 
rendered  apparent  for  some  time. 

The  optic  axis. — This  is  a  line  which  passes 
through  the  nodal  point  and  the  centre  of  the  cornea ; 
if  prolonged  backwards,  it  falls  upon  the  retina  on  the 
inner  side  of  the  yellow  spot. 

The  visual  line. — The  visual  line  joins  the 
macula  lutea  with  the  point  on  which  the  eye  is  fixed. 
It  passes  through  the  cornea  a  little  to  the  inner  side 
of  its  centre,  and  therefore  forms  an  angle  with  the 
optic  axis,  which  is  termed  the  angle  a.  This  angle 
does  not  exceed  in  the  normal  eye  4°  or  5^.  In 
looking  at  a  distant  object,  as  a  star,  the  visual  lines 
are  parallel^  and  the  optic  axes  are  directed  outward ; 
but  since  we  judge  of  the  position  of  the  eyes  of 
another  person  by  the  position  of  the  centres  of  the 
cornea,  the  eyes  appear  to  diverge  slightly,  or  in  other 
words  it  may  be  said  that  there  is  slight  apparent 
strabismus.  That  there  is  no  real  squint  is  shown  by 
covering,  when  a  distant  object  is  regarded,  first  one 
eye  and  then  the  other,  with  the  hand,  when  it  will  be 
found  that  neither  eye  alters  its  position. 

Basal  line  and  median  plane. — If  the  trans- 
verse axes  of  the  two  eyes  are  prolonged  inwards,  they 
meet  and  form  a  line  named  the  hasal  line.  The 
length  of  the  basal  line,  measured  from  the  centre  of 
each  eye,  varies  in  different  people  from  50  to  75  mm., 
the  average  length  being  about  64  mm.  A  line  drawn 
from  the  centre  of  the  basal  line  to  the  centre  of  the 
field  of  vision  is  named  the  median  line,  and  a  plane 
which  is  situated  in  the  middle  line,  and  cuts  the 
basal  line  at  right  angles,  is  the  median  plane. 

Angle  of  convergence.   Metre  angle. — On 
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looking  at  any  distant  object,  as  a  star,  the  visual 
lines  are  parallel ;  but  if  the  object  be  approximated, 
the  visual  lines  converge,  and  the  angle  the  visual 
lines  traverse  in  looking  from  infinite  distance  to  ^ 
near  object  is  named  the  angle  of  convergence.  This 
angle  is  consequently  inversely  proportional  to  the 
distance  between  the  object  fixed  and  each  of  the  eyes, 
providing  that  the  length  of  the  basal  line  remains  the 
same.  The  longer  the  basal  line — that  is,  the  greater 
the  distance  between  the  centres  of  rotation  of  each 
eye — the  greater  relatively  will  be  the  angle  of  con- 
vergence. Nagel  has  calculated  the  value  of  the  angle 
of  convergence  at  the  distance  of  1  m.  for  different 
lengths  of  the  base  line,  and  found  that  for  50  mm. 
length  of  base  line  it  is  in  degrees :  1'430^,  or  1^  25' 
51";  for  60  mm.  length,  1-718°,  or  1°  43'  6";  for  64 
mm.,  which  is  about  the  average  length,  it  is  1  'SS 3^,  or 
1°  50' ;  for  70  mm.  length  2-005^,  or  T  0'  20".  A  unit 
of  convergence  is  accepted  named  the  metre  angle  ma. 
This  unit  is  the  angle  of  convergence  necessary  to  fix 
simultaneously  with  both  eyes  an  object  situated  on 
the  median  line  at  a  distance  of  one  metre  from  each 
eye.  Convergence  can  in  this  way  be  easily  expressed. 
If  an  object  is  fixed  at  two  metres,  the  convergence 
requisite  for  binocular  vision  is  C  =  |-  ma  ;  if  at  ^  of 

a  metre,  it  is  i  =  5  ma. 

5" 

Field  of  vision. — This  is  the  area  which  can  be 
seen  by  each  eye,  when,  the  head  and  body  being 
maintained  in  a  fixed  position,  the  eye  is  rotated  to 
the  utmost  in  the  different  meridians.  The  field  of 
vision  is  most  extensive  below  and  on  the  outer  side, 
being  limited  above  by  the  brow,  below  by  the  cheek, 
and  to  the  inner  side  by  the  nose.  The  limits  are,  for 
each  eye  :  Outwards,  45*^;  downwards  and  outwards, 
47°  to  50° ;  inwards,  45° ;  upwards  and  inwards, 
45°  ;  downwards,  50°  to  55°  ;  downwards  and  inwards, 
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38°  to  40" ;  upwards,  43° ;  upwards  and  outwards, 
47°  to  50°.  The  limits  and  form  of  the  field  of  vision 
depend  on  six  factors  :  the  disposition  of  the  parts 
surrounding  the  eyes,  as  the  prominence  of  the  nose, 
eyebrows,  cheek  bones,  and  size  of  the  palpebral  fissure ; 
the  situation  of  the  plane  of  the  iris  and  pupil  relatively 
to  the  margin  of  the  cornea;  the  diameter  of  the  pupil; 
the  accommodation ;  the  form  of  the  eye;  and  the 
extent  of  the  sensitive  part  of  the  retina. 

The  term  field  of  regard  is  applied  to  the  field  of 
vision  obtained  by  each  eye  when  in  the  normal 
position — that  is,  when  fixed  on  the  horizon  in  front 
of  it,  or,  as  some  think,  a  point  15°  below  the  horizon, 
and  is  not  rolled.  It  is  several  degrees  less  in  all 
directions  than  when  the  eye  is  rolled. 

Visual  angle. — This  is  the  angle  included  between 
straight  lines  drawn  from  the  extremities  of  the  object 
to  the  nodal  point  (0,  Fig  38)  of  the  rays  refracted  by 
the  media  of  the  eye,  which  is  situated  a  little  behind 
the  centre  of  the  lens.  Our  estimate  of  the  size  of 
any  object  is  mainly  dependent  upon  the  visual  angle 
under  which  it  is  seen.  The  size  of  the  visual  angle 
depends,  first,  on  the  size  of  the  object,  and,  secondly, 
on  its  distance  from  the  eye.  The  distance  remaining 
unaltered,  the  size  of  the  visual  angle  varies  with  the 
size  of  the  object ;  and  on  the  other  hand,  the  size  of 
the  object  remaining  the  same,  the  size  of  the  visual 
angle  diminishes  with  the  distance  of  the  object. 

In  Fig.  38,  A  o  b  or  the  angle  0  is  the  visual 
angle  of  the  line  A  b.  The  retinal  angle  6  0  a  is 
iqual  to  the  visual  angle,  and  is  formed  by  the  same 
iines  continued  beyond  the  nodal  point  0,  and  it  is 
limited  by  the  extremities  of  the  image  formed  on  the 
retina.  It  is  seen  from  the  figure  that  objects  of 
different  magnitude,  e,  c?,  c,  placed  at  different  dis- 
tances, may  be  seen  under  the  same  angle,  and  in  the 
absence  of  other  means  of  correcting  the  impression, 


Chap.  XVI.]        Sharpness  of  Vision. 


may  be  all  considered  to  be  of  the  same  size.  It  also 
shows  why  the  image  is  reversed. 

Sharpness  of  vision. — This  corresponds  with 
the  defining  power  of  the  eye,  the  power  which  the 
eye  possesses  of  distinguishing  two  points  as  separate. 
The  small  star  Alcor,  in  the  tail  of  the  Great  Bear, 
situated  at  a  distance  of  IT  48"  from  Mizar,  was 
called  Saidak,  or  the  "  Tester,"  by  the  Arabs,  because 


Fig.  38. — The  line  A  b  lias  a  visual  angle,  x,  and  a  retinal  angle,  y,  both 
of  which  are  identical  with  the  visual  angles  of  any  lines  drawn 
parallel  to  a  b,  between  the  lines  a  o  and  b  o. 

it  was  used  to  test  the  sight.  The  third  satellite  of 
Jupiter,  4'  42"  from  the  centre  of  the  planet,  is  visible 
to  some  people  of  exceptionally  acute  vision.  Sharpness 
of  vision  is  measured  by  the  smallest  angle  under  which 
two  objects  of  definite  and  constant  size  can  be  dis- 
tinguished from  each  other  when  separated  by  an 
interval  of  corresponding  size  to  the  diameter  of  one 
of  the  objects,  or  by  the  determination  of  the  smallest 
retinal  image,  the  form  of  which  can  be  perceived  by 
the  eye,  providing  it  is  not  a  line.  The  smallest 
object  that  can  be  seen  at  the  distance  of  a  foot  is 
^i-^th  of  an  inch,  which  subtends  an  angle  of  about 
1  minute,  certainly  not  less  than  half  a  minute.  The 
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retinal  image  corresponding  to  a  visual  angle  of  one 
minute  has  been  calculated  to  be  about  0  004  mm.,  or 
gQ^Q^th  of  an  inch,  which  is  the  diameter  of  a  cone,  but 
brilliantly  illuminated  objects  of  much  smaller  size  may 
be  seen.  It  follows,  then,  that  the  smallest  object 
that  can  be  seen  at  two  feet  is  g-f tr^hs  of  an  inch ; 
at   five   feet  •g-fo-^^'^  inch,  and  so  on.  In 

ophthalmic  practice  the  metre  is  taken  as  unity  of 
distance,  instead  of  the  foot,  and  letters  have  been 
selected  of  a  certain  size,  usually  subtending  5', 
and  the  patient's  sharpness  of  vision  is  tested 
by  determining  at  what  distance  he  can  name  the 

letters  correctly.  Bonder's  formula,  Y  =     enables  the 

sharpness  of  vision  to  be  immediately  estimated, 
for  V,  which  stands  for  sharpness  of  vision,  is 
measured  by  a  fraction  of  which  the  numerator  d  is  the 
distance  in  metres  at  which  a  given  letter  can  be  read, 
whilst  the  denominator  n  is  the  number  of  metres  at 
which  it  ought  to  be  read  by  any  one  possessing 
average  or  normal  acuity  of  vision.  Thus,  a  letter 
which  by  experiment  it  has  been  ascertained  ought 
to  be  read  by  a  normal  eye  at  12  metres  from  the 
subject,  is  placed  before  the  person  to  be  tested.  If 
he  reads  it  at  12  metres  his  vision  is  perfect, 
Y  =  if  =  1  ;  but  if  he  can  only  read  it  at  6  metres, 
then  his  vision  is  expressed  by  Y  =  ^^g-  =  -I ;  if  only  at 
4  meters,  Y  =  y*y  =  J,  and  so  on. 

The  greater  sensibility  of  the  macula  lutea  is 
possibly  due  to  the  anatomical  arrangements  and  con- 
nections of  the  parts.  Sulzer  estimates  the  number  of 
nerve  fibres  in  the  optic  nerve  at  about  half  a  million, 
whilst  the  number  of  rods  and  cones  is  about  three 
and  a  half  millions.  It  has  been  suggested  as  not 
improbable  that  at  and  near  the  macula  each  cone  is 
in  direct  connection  with  the  brain  by  a  single  nerve 
fibre,  whilst  near  the  equator  of  the  eye  two  or  more 
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cones  and  rods  are  supplied  by  a  single  fibre,  and  neai 
the  ora  serrata  one  fibre  is  distributed  to  many  of 
these  elements. 

The  acuteness  of  vision  depends  primarily  on 
the  sensibility  of  the  retina,  but  secondarily  on  the 
adaptation  of  the  retina  and  of  the  eye  generally  to 
the  illumination  under  which  it  acts,  and  on  the 
sharpness  of  the  retinal  image. 

The  sharpness  of  vision  is  modified  by  various 
circumstances.  It  is  greater  in  youth,  and  becomes 
gradually  less  as  age  advances,  so  that  at  eighty  it  is 
often  reduced  to  nearly  one  half  of  its  normal  amount. 
Is  is  greater  when  the  object  is  well  illuminated 
(provided  the  illumination  is  not  excessive)  than  when 
indifi'erently  lighted.  The  size  of  the  pupil  influences 
the  sharpness  of  vision  ;  for  a  large  pupil,  by  flooding 
the  retina  with  light  and  increasing  the  circles  of 
dispersion,  impairs  vision.  Wild  races  have  usually 
very  sharp  vision. 

Direct  and  indirect  vision.— Vision  is  said  to 
be  direct  when  the  image  of  the  object  falls  on  the 
macula  lutea  ;  it  is  indirect  when  it  falls  on  any  other 
part  of  the  retina.  It  is  found  by  experiment  that  the 
sharpness  of  indirect  vision  rapidly  diminishes  with 
the  distance  from  the  macula  at  which  the  image  of 
the  object  is  formed.  Thus,  if  the  sharpness  of  vision 
at  the  macula  be  taken  at  1,  at  5°  from  the  macula 
it  is  reduced  to  \',  at  10",  to  yV  \  ^  ^ 

*o  To  ^  at  30^,  to  ;  and  at  40^,  to  ;  and  beyond 
this  distance,  though  a  moving  object  can  be  readily 
discerned,  its  form  cannot  be  recognised  with  accuracy. 
In  regard  to  colour,  starting  from  the  periphery,  blue 
is  the  colour  which  is  first  recognised.  After  that 
comes  bright  yellow,  then  in  succession  orange,  red, 
and  green.  The  field  of  green  is  about  30°  to  the 
inner  side  of  the  point  of  fixation  and  above  it ;  50" 
below  and  80°  to  the  outer  side. 
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Mariotte'is  blind  spot.— Though  ngt  ordinarily 
recognised,  there  is  a  spot  in  the  field  of  vision  which 
is  incapable  of  perceiving  light.  This  corresponds  to 
the  entrance  of  the  optic  nerve  or  optic  disc.  It  is 
situated  15"  to  the  outer  side  of  the  point  of  fixation, 
and  about  3^  below  the  horizontal  meridian ;  hence, 
on  fixing  a  small  spot  with  one  eye,  the  other  eye 
being  closed,  a  wafer  placed  three  inches  to  the  outer 
side  disappears. 

8plierical  aberration.— If  a  pencil  of  diverging 
rays  of  light  fall  on  a  lens  made  of  homogeneous 
material,  those  that  fall  near  the  periphery  of  the  lens 
are  brought  to  a  focus  sooner  than  those  that  fall  upon 
it  near  its  centre.  Hence  the  definition  is  imperfect. 
In  optical  instruments  this  defect  has  to  be  remedied  ; 
and  there  are  two  modes  in  which  it  can  be  accom- 
plished. In  one,  the  curvature  of  the  periphery 
of  the  lens  is  diminished  as  compared  with  the 
central  part ;  and  in  the  other,  the  density,  and  con- 
sequently the  refractive  power,  of  the  periphery  is 
diminished.  The  former  is  the  most  practicable 
method  in  art ;  and  calculation  has  shown  what  is  the 
precise  curvature  of  the  surface  which  enables  a  lens 
to  give  a  perfectly  defined  image,  and  that  it  must  not 
be  the  segment  of  a  sphere,  but  of  the  end  of  an 
ellipsoid  of  revolution  about  its  major  axis.  In  the 
lens  of  the  eye  both  of  the  above  means  of  correction 
are  employed ;  for  in  the  first  place  the  outermost 
layers  of  the  lens  have  less  refractive  power  than 
the  central  and  denser  portions ;  and  secondly,  the 
curvature  of  the  peripheral  parts  of  the  lens  is  less 
than  the  central  part ;  in  addition,  the  iris  cuts  ofi" 
the  most  external  rays,  whilst  the  cornea  contributes 
something  to  the  effect,  since  its  surface  is  really  that 
of  an  ellipsoid  of  revolution  around  its  major  axis. 

Chromatic  aberration.— The difierent  coloured 
rays  of  light  possess  different  degrees  of  refrangibility. 
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Red  rays  are  least  refrangible  ;  violet  rays  are  most 
refrangible.  As  white  light  is  made  up  of  rays  of 
all  degi-ees  of  refrangibility,  it  is  clear  that  each 
colour  will  have  its  own  focus ;  the  violet  rays  will 
be  brought  to  a  focus  first;  the  red,  latest.  Helm- 
holtz  has  calculated  that  for  a  reduced  eye,  i.e.  an 
eye  reduced  to  its  simplest  condition  for  purposes  of 
calculation,  the  focal  distance  of  the  red  rays  would 
be  20*524  mm.,  whilst  for  violet  rays  it  would  only  be 
20*140  mm.,  so  that  there  is  adifierence  amounting  to 
about  half  a  millimetre,  or  about  one-fiftieth  of  an 
inch,  and  on  a  line  of  this  length  all  the  rays  would 
be  successively  focussed.  The  result  of  this  is  that 
white  objects  situated  at  or  beyond  the  far  point  have 
an  edging  or  border  of  red,  because  the  red  rays  have 
not  as  yet  met  on  the  retina  ;  whilst  if  they  are  nearer 
than  the  near  point  they  have  a  violet  edging,  the 
violet  rays  having  met  and  crossed.  This  defect  in 
the  structure  of  the  eye  is,  however,  so  slight  that  it 
scarcely  attracts  notice.  In  optical  instruments  it  is 
corrected  by  combining  lenses  of  diflferent  dispersive 
power ;  as,  for  example,  those  of  crown  and  flint  glass. 
The  bi-convex  lens  of  a  telescope  made  of  crown  glass 
possesses  both  great  refractive  and  great  dispersive 
power ;  but  if  combined  with  a  concave  lens  of  flint 
glass,  the  curvature  of  which  is  much  less,  its  dis- 
persive power  may  be  neutralised  without  greatly 
diminishing  its  refractive  power. 

Use  of  the  iris. — The  iris  is  a  thin,  highly  vascular 
membrane,  pierced  by  a  hole  in  the  centre,  and  con- 
tinuous with  the  choroid  at  its  periphery.  The  hole 
is  the  pupil,  which  is  capable  of  undergoing  great 
variations  of  size.  The  iris,  in  addition  to  the  third 
and  sympathetic  nerves,  receives  branches  of  the  first 
division  of  the  fifth  nerve,  which  confer  upon  it  acute 
sensibility.  Light  enters  the  eye  through  the  pupil, 
and  the  first  purpose  fulfilled  by  the  iris  is  to  regulate 
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the  amount  of  light  admitted  into  the  interior  of  the 
eye.  When  exposed  to  bright  light  the  pupil  con- 
tracts by  reflex  action ;  the  nervous  circle  being  the 
retina  and  optic  nerve,  which  is  the  sensory  apparatus ; 
a  centre  situated  in  the  medulla  oblongata ;  and  the 
third  nerve,  which  is  the  motor  nerve.  The  brighter 
the  light  and  the  more  sensitive  the  retina,  the  greater 
is  the  contraction  of  the  pupil.  Hence,  in  coming 
from  a  dark  room  into  bright  sunlight  the  pupil  con- 
tracts to  the  utmost^  and  pain  may  result  from  ex- 
cessive stimulation  of  the  fibres  of  the  fifth  nerve  ; 
whilst  the  stimulus  radiating  in  various  directions 
causes  contraction  of  the  orbicularis,  and  flow  of  tears. 
Light  falling  on  one  eye  causes  the  opposite  pupil  to 
contract  consentaneously.  The  stimulus  for  the  dila- 
tation of  the  pupil  is  the  absence  of  light ;  and  the 
nervous  circle  is  the  retina  and  optic  nerve  for 
the  sensory  apparatus,  the  cilio- spinal  centre ;  and  the 
sympathetic  for  the  motor  nerve.  This  centre  can  be 
excited  by  stimulation  of  other  sensory  nerves,  acute 
pain  causing  dilatation  of  the  pupil.  It  is  stimulated 
also  by  imperfectly  aerated  blood,  as  is  seen  in  con- 
ditions of  dyspnoea.  Dilatation  of  the  pupil  occurs  in 
those  under  strong  mental  emotion,  as  fear. 

A  second  purpose  fulfilled  by  the  iris  is  to  aid  in 
correcting  the  sjjherical  aberration  of  the  lens.  The 
pupil  contracts  when  the  eyes  are  rolled  inwards,  or 
converged  to  see  a  near  object.  The  eflect  of  this  is 
to  cut  ofi*  the  outer  rays  of  the  divergent  pencil,  which, 
falling  on  the  periphery  of  the  lens,  would  be  brought 
to  a  focus  sooner  than  those  passing  through  that 
body  nearer  its  centre.  The  contraction  of  the  pupil 
thus  aids  in  making  the  images  of  near  objects  on  the 
retina  more  clear  and  defined.  The  pupil  contracts 
as  an  associated  movement  whenever  the  eye  is  rolled 
inwards ;  and  as  it  turns  inwards  and  upwards  in 
sleep,  the  pupil  is  then  also  contracted. 
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Several  theories  have  been  advanced  to  explain 
the  movement  of  the  iris.  By  some  it  is  held  that 
there  are  two  sets  of  unstriated  muscular  fibres  in  the 
iris,  a  circular  and  a  radiating  set,  the  former  supplied 
by  the  third  nerve,  the  latter  by  the  sympathetic  nerve. 
Stimulation  of  the  third  nerve  causes  contraction 
of  the  circular  fibres  which  form  a  kind  of  sphincter 
near  the  inner  margin  of  the  iris,  and  the  pupil 
contracts  to  a  pin's  point,  and  this  condition  is  named 
myosis.  On  the  other  hand,  the  radiating  fibres  are 
supplied  by  the  sympathetic,  stimulation  of  which 
causes  wide  dilatation  of  the  pupil,  or  mydriasis,  A 
second  view  ably  sustained  by  Jessop  is  that  there 
are  no  radiating  or  dilating  fibres,  but  that  whilst 
myosis  is  due  to  contraction  of  the  sphincter  pupillse, 
mydriasis  is  consequent  on  inhibition  through  the  sym- 
pathetic of  the  action  of  the  third  on  the  sphincter. 
The  chief  objection  to  this  theory  is  that  both 
circular  and  radiating  fibres  can  be  easily  demonstrated 
to  exist  in  the  iris  of  the  bird,  and,  though  with  much 
difficulty  and  much  more  doubtfully,  in  the  eye  of  man. 

The  large  supply  of  blood-vessels  in  the  iris 
renders  it  almost  an  erectile  organ,  and  the  state  of 
the  vessels  materially  influences  the  size  of  the  pupil. 
If  the  cornea  be  punctured,  and  the  aqueous  humour 
be  allowed  to  escape  suddenly,  the  intraocular  pressure 
on  the  vessels  is  reduced,  the  blood  rushes  into  them, 
and  the  pupil  closes.  Hence,  too,  the  pupil  is  contracted 
in  inflammation  of  the  iris.  In  exsanguine  conditions 
of  the  system — as  in  fainting  from  haemorrhage — the 
pupils  become  widely  dilated. 

Certain  drugs  possess  remarkable  powers  of  dilat- 
ing, and  others  of  contracting,  the  pupil.  The  alka- 
loids of  the  Solanaceae,  atropin,  hyoscyamin,  daturin, 
as  well  as  duboisin,  cause,  by  paralysing  the  third 
nerve,  wide  dilatation  of  the  pupil.  Nicotin,  pilo- 
carpin,  and  especially  eserine,  on  the  other  hand, 
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cause,  by  paralysing  the  sympathetic  nerve,  great 
contraction  of  the  pupil.  It  is  probable  that  in 
addition  to  paralysing  one  set  of  nerve  fibres,  these 
agents  stimulate  their  antagonists. 

Near  point  and  far  point. — The  point  at 
which  an  object  can  be  distinctly  seen,  when  the  ac- 
commodation is  exerted  to  the  utmost,  is  termed  the 
near  point,  or  punctum  proximum,  of  the  eye.  It 
varies  with  the  form  of  the  eye,  the  strength  of  the 
ciliary  muscle,  and  the  elasticity  of  the  lens.  A  child 
can  bring  an  object  within  three  inches  of  the  eye, 
and  still  see  it  distinctly.  Its  power  of  accommodation 
is  great,  the  ciliary  muscle  acts  vigorously,  and  the 
lens  is  highly  elastic  ;  therefore  it  can  bring  strongly 
diverging  rays  to  a  focus  on  the  retina.  At  fifty 
years  of  age  an  object  cannot,  as  a  rule,  be  distinctly 
focussed  when  it  has  been  brought  within  twenty 
inches  of  the  eye,  for  at  that  age  the  lens  is  of  firm 
consistence,  and  its  elasticity  is  reduced,  whilst  the 
ciliary  muscle  acts  less  energetically.  As  age  advances 
a  book  is  held  at  a  continually  increasing  distance 
from  the  eye,  until  at  length  the  distance  is  so  great 
that,  although  the  letters  may  be  accurately  focussed 
on  the  retina,  the  size  of  the  image  is  so  small  that  it 
can  no  longer  be  recognised.  The  loss  of  power  in 
the  ciliary  muscle,  and  the  diminishing  elasticity  of 
the  lens,  require  to  be  supplemented  by  a  convex 
glass,  which  renders  the  rays  of  light  convergent. 

The  far  point,  or  punctum  remotum,  for  a  normal 
eye  is  infinite  distance,  for  the  normal  eye  at  rest  is 
adapted  to  focus  parallel  rays  on  the  retina,  and  it  is 
only  bodies  that  are  at  an  infinite  distance  that  emit 
parallel  rays  (Fig.  40). 

How  an  imag'e  is  formed  on  the  retina. 
— Every  convex  lens  presents  a  point  situated  upon 
its  axis,  through  which  the  axial  ray  of  all  incident 
pencils  of  light  passes  without  deviation.    This  point 
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is  named  the  optical  centre,  and  if  the  axial  ray  of  each 
pencil  be  continued  beyond  the  lens,  it  will  pass  through 
the  corresponding  image  formed  by  the  lens.  Let  a  b 
(Fig.  39)  be  an  arrow;  It  is  seen  that  from  each  of  the 
points  A  and  B  a  pencil  of  rays  proceeds  towards  the 
eye.  The  axial  ray  of  each  pencil  crosses  the  other 
at  F,  which  is  the  optical  centre,  and  being  prolonged, 
meets  the  refracted  rays  of  the  same  pencil  at  the  focus 
c  or  D  on  the  retina,  thus  forming  an  inverted  image. 

Accommodation  of  the  eye. — In  looking  at 
two  objects,  one  of  which  is  nearer  than  the  other. 


Fig.  39. — Formation  of  Image  on  the  Retina. 


with  a  telescope,  the  position  of  the  glasses  has  to  be 
altered  to  see  the  nearer  object  by  drawing  out  the 
tube  of  the  telescope.  The  same  result  can  be  ob- 
tained by  thickening  the  glasses  and  rendering  them 
stronger  lenses.  In  the  eye  the  latter  plan  is  adopted. 
The  muscle  employed  for  this  purpose  is  the  ciliary 
muscle^  or  tensor  choroideoe  (10,  11, 12,  Fig.  41).  When 
the  attention  is  fixed  on  a  distant  object  the  muscle  is 
relaxed;  the  suspensory  ligament  of  the  lens  is  in 
action,  and  by  its  compression  the  lens  is  kept  in  a 
flattened  state;  the  degree  of  flattening  being  just  such 
as  will  allow  parallel  rays  to  be  brought  to  a  focus  upon 
the  retina.  Thus  we  may  consider  the  object  to  con- 
sist of  several  parts,  as  the  barb,  feathers,  and  shaft 
of  an  arrow.  It  is  obvious,  from  Fig.  40,  that  when 
the  rays  proceeding  from  each  part  are  parallel,  they 
will  be  exactly  focussed  on  the  retina,  and  the  image 
will  necessarily  be  inverted.    If,  however,  the  object 


414 


Human  Physiology.         [Chap.  xvi. 


be  situated  near  to  the  eye,  as  in  Fig.  39  and  Fig.  40^ 
the  rays  proceeding  from  it  will  not  be  parallel,  but 
divergent,  and  divergent  rays  would  not  be  brought 
to  a  focus  so  soon  as  parallel  rays ;  in  fact,  would 
only  be  brought  to  a  focus  behind  the  retina,  and 
not  upon  it.  Either,  therefore,  the  distance  betweeen 
the  lens  and  the  retina  must  be  increased,  or  some 
change  in  the  refractive  power  of  the  lens  must  be 
made ;  the  latter  plan  is  adopted,  and  it  is  accom- 
plished by  the  action  of  the  ciliary  muscle.  When  this 


Fig.  40.— Accommodation  of  the  Eye  for  Distance,  Parallel  Rays  being 
brought  to  a  Focus  on  the  Retina.  The  eye  is  at  rest,  and  no 
muscular  elfort  is  made. 

L,  Lens ;  p,  parallel  rays  ;  b,  retina. 

muscle  contracts,  the  choroid  membrane  is  drawn 
forwards.  The  effect  of  this  is  to  relax  the  suspensory 
ligament  of  the  lens,  which  permits  the  lens  to  be- 
come more  convex,  the  increase  of  convexity  affecting^ 
the  anterior  part,  and  the  degree  of  convexity  being 
dependent  in  part  upon  the  contractile  power  of  the 
ciliary  muscle,  and  in  part  upon  the  elasticity  of  the 
lens.  This  change  in  the  form  of  the  lens  is  shown  in 
Fig.  41,  where  the  upper  half  shows  the  state  of  the 
lens  when  the  eye  is  adapted  for  distant  vision ; 
and  the  lower  half  when  it  is  rendered  more  convex 
by  the  action  of  the  ciliary  muscle,  and  is  therefore 
adapted,  adjusted,  or  accommodated  for  the  distant 
vision  of  near  objects. 

That  there  is  really  such  a  change  in  the  convexity 


Fig.  41.— Diagram  of  the  Front  Half  of  the  Eye,  to  show  the  means  by 
which  Accommodation  is  effected. 
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of  the  lens  may  be  shown  by  observing  the  reflections 
from  the  cornea  and  from  the  surfaces  of  the  lens,  of  a 
candle  held  to  one  side  of  the  person  observed,  whilst 
he  adjusts  his  eyes  for  near  and  distant  objects 
alternately.  It  is  then  found,  that  while  the  erect 
corneal  image  remains  stationary,  the  erect  image  from 
the  anterior  surface  of  the  lens  changes  its  position, 
whilst  the  inverted  image  from  the  posterior  surface 
of  the  lens  becomes  smaller. 

Optic  constantly  of  the  eye. — The  optic 
centre  is  situated  in  close  proximity  to  the  posterior 
surface  of  the  lens,  about  5  mm.  behind  the  summit  of 
the  cornea,  15  mm.  in  front  of  the  retina.  The  length 
of  the  antero-posterior  axis  of  the  eye  is  therefore 
20  mm.,  and  the  posterior  principal  focal  distance  is 
at  15  mm.,  and  the  refractive  power  of  the  whole 
system  is  6*5  diopters.  These  constants  are  of  great 
importance  in  determining  the  size  of  a  retinal  image, 
for  if  we  ask  what  is  the  size  of  the  retinal  image 
of  A  B,  supposing  it  to  be  6  m.  high,  and  situated 
at  a  distance  of  10  m.,  the  reply  is  that  the  two 
triangles  A  o  B  and  a  oh  give  the  proportion  —  y^, 
X  therefore  =  0*09  m.,  which  is  the  size  of  the  retinal 
image,  or  rather,  the  size  of  the  cord  subtending  the 
retinal  image. 

I§cheiner's  experiment. — This  experiment 
.demonstrates  the  necessity  for  accommodation,  in  order 
that  single  images  should  be  formed  on  the  retina. 
It  consists  in  making  two  minute  holes  in  a  card  (see 
Fig.  42)  with  a  needle,  the  distance  between  which  is 
less  than  the  breadth  of  the  pupil.  If  a  single  pin  be 
stuck  into  a  board  and  fixed  (that  is  to  say,  looked  at 
intently)  through  the  card,  a  single  image  only  is  seen, 
because  all  the  rays  proceeding  from  it,  though  entering 
by  two  separate  holes,  are  focussed  on  the  retina  ;  but 
if  two  pins,  p  and  r,  are  now  stuck  into  the  board,  one 
behind  the  other,  and  looked  at  through  the  holes,  it 
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will  be  found  that  when  the 
proximal  pin,  or  the  one  nearest 
to  the  eye,  is  fixed,  the  other,  or 
remote  one,  is  double,  and  vice 
versd.  The  reason  of  this  is, 
that  if  the  remote  pin  be  fixed, 
and  its  image  be  formed  dis- 
tinctly on  the  retina,  the  more 
divergent  rays  proceeding  from 
the  nearer  pin  are  not  brought 
to  a  focus  soon  enough,  but  are 
focussed  behind  the  retina ;  and 
as  it  is  looked  at  through  two 
holes,  the  image  is  double.  On 
the  other  hand,  if  the  nearer  pin 
be  fixed,  the  lens  is  rendered  a 
stronger  one,  and  the  rays  coming 
from  the  more  distant  object  are 
brought  to  a  focus  in  the  vitreous, 
or  in  front  of  the  retina,  and 
therefore  cross.  If  the  nearer 
pin  is  fixed,  and  the  right  hole 
is  covered,  the  left-hand  image 
of  the  double  image  of  the  more 
remote  pin  vanishes,  because  the 
rays  have  crossed  in  the  vitreous. 
If  the  more  distant  pin  is  fixed, 
and  the  right-hand  hole  is 
covered,  the  right-hand  image  of 
the  two  images  of  the  near  pin 
vanishes  because  the  rays  have 
not  yet  come  to  a  focus. 

JCmmetropic  eye. ^Nor- 
mal or  healthy  eye.  The  healthy 
eye  is  so  constructed  that  par- 
allel rays,  or  those  coming  from 
infinitely  distant  objects,  are 
BB— 5 


rig,  42.— Scheiner'a 
Experiment. 

0,  Card  with  two  holes,  a,  left ; 
D,  right;  R,  punctura  remo- 
tum  ;  p,  punctum  proximum ; 
r',  focus  of  distant  object;  p', 
course  of  raya  through  dextral 
aperture  from  near  point ;  p'', 
course  of  rays  from  near  point 
through  simstrftl  aperture. 
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brought  to  a  focus  upon  the  retina  when  the  eye  is  at 
rest  and  no  exertion  of  the  ciliary  muscle  is  made. 
When  near  objects  are  looked  at,  the  diverging  rays 
which  proceed  from  them  are  brought  to  a  focus  t)y 
the  exercise  of  the  muscle  of  accommodation.  The 
most  distant  object  which  can  be  seen  distinctly  is  an 
infinitely  distant  one,  or  one  so  distant  that  the  rays 
are  approximately  parallel.  The  nearest  object  that 
can  be  seen  distinctly  depends  on  the  strength  of  the 
ciliary  muscle  and  the  elasticity  of  the  lens. 

Presbyopia. — The  vision  of  old  age.  This  is 
really  only  failure  of  the  power  of  accommodation.  In 
age,  supposing  the  eye  to  have  been  originally  of 
normal  formation,  distant  objects  are  seen  as  well 
as  in  youth,  except  in  so  far  as  the  eye,  in  common 
with  the  rest  of  the  nervous  system,  reacts  less 
vigorously  to  impressions,  and  is  less  sensitive  to 
them.  The  presbyope  sees  near  objects  with  difficulty. 
The  images  of  these  are  confused  and  blurred,  because 
he  cannot  exert  his  power  of  accommodation  suffi- 
ciently to  cause  a  distinct  image  to  be  formed  on  the 
retina ;  and  this  defect  may  be  attributed  in  part  to 
loss  of  power  of  the  ciliary  muscle,  which  is  unable 
to  draw  the  choroid  forwards,  and  therefore  to  relax 
the  suspensory  ligament,  but  partly  also  to  defective 
elasticity  of  the  lens,  which,  when  the  suspensory 
ligament  is  relaxed,  does  not  become  thicker,  as 
occurs  with  the  eye  of  a  young  person.  The  image 
of  any  luminous  object  situated  within  twenty  or 
thirty  inches  of  the  eye  (that  is,  within  such  distance 
that  the  rays  proceeding  from  it  are  divergent)  falls 
behind  the  retina,  and  no  exertion  that  he  can  make 
enables  him  to  obtain  a  picture  of  it  on  the  retina. 
He  requires  convex  glasses  to  enable  him  to  see  near 
objects  distinctly  ;  that  is  to  say,  the  refractive  con- 
ditions of  his  eye  require  that  the  entering  rays 
should  be  rendered  parallel  before  he  can  obtain  a 
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well-defined  image.  If  in  old  age  distant  objects  are 
not  seen  distinctly  without  a  convex  glass,  the  subject 
must  have  been  hypermetropic  or  myopic. 

Myopia. — Short-sightedness.  In  myopia  the  far 
point  is  at  a  measurable  distance.  The  globe  of  the 
eye  is  elongated.  Parallel  rays  are  brought  to  a 
focus  in  front  of  the  retina.  Distant  objects,  there- 
fore, are  not  clearly  seen.  On  the  contrary,  rays 
more  or  less  strongly  diverging  can  be  recognised 
distinctly.  Hence,  objects  are  brought  into  close 
proximity  to  the  eye.  Hence,  also,  concave  glasses, 
which  render  parallel  rays  diverging,  assist  the  vision 


Fig.  43.— Diagram  of  the  Course  of  the  Eays  in  a  Myopic  Eye, 

of  myopes ;  but  in  correcting  the  defect  in  practice 
the  weakest  power  should  be  used  compatible  with 
clear  vision. 

It  is  often  thought  that  myopic  eyes  improve  with 
age,  and  those  who  are  short-sighted  congratulate 
themselves  that  they  will  see  better  as  they  grow 
older;  but  here  also  the  same  changes  occur  as  in 
presbyopia.  It  is  really  a  failure  in  the  power  of 
adjustment  that  gives  a  semblance  of  truth  to  the 
statement.  The  myopic  person,  as  he  advances  in 
years,  becomes  unable  to  accommodate  his  vision  for 
what  was  in  youth  hi^  near  point.  He  can  only  see 
objects  distinctly  when  they  are  placed  at  his  far 
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point.  Hence  he  holds  objects  at  a  greater  distance 
than  formerly,  and  he  appears  to  have  improved  to 
that  extent ;  but  ifc  is  only  at  the  expense  of  his  near 
vision.  For  objects  beyond  his  far  point  he  must  still 
wear,  as  he  always  has  done,  concave  glasses. 

In  the  diagram  (Fig.  43)  the  globe  of  the  eye 
is  seen  to  be  elongated.  The  continuous  dark  lines,  g  g, 
represent  parallel  rays,  and  these,  by  reason  of  the 
length  of  the  eye,  are  brought  to  a  focus  at  o,  and, 


rig.  44. — Diagram  of  the  Course  o£  the  Eays  in  a  Hypermetropic  Eye. 

decussating,  form  a  blurred  image  on  the  retina.  In 
order  to  see  an  object  distinctly,  the  patient  brings  it 
nearer  to  the  eye,  as  to  which  we  may  regard  as 
his  far  point.  The  diverging  rays  which  then  proceed 
from  it  he  can,  without  effort,  focus  on  his  retina  at 
c,  as  indicated  by  the  dotted  lines.  If  he  bring  it 
nearer  than  he  can  still  focus  it  clearly,  providing 
he  exerts  his  accommodation,  till  at  last  he  reaches  a 
point  (his  near  point)  beyond  which  he  cannot  focus 
the  rays  by  any  effort  of  his  accommodation.  In 
high  degrees  of  myopia  either  one  eye  alone  is  used, 
or  the  power  of  converging  the  eyes  must  be  very 
great,  for  the  object  has  to  be  approximated  very 
closely  to  the  eye,  and  fatigue  is  soon  experienced. 

Hypermetropia. — Long-sightedness.  In  hyper- 
nietropia   the  antero-posterior  axis  of  the   eye  is 
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shortened  \  that  is  to  say,  the  eye  is  flattened  from 
before  backwards.  The  far  point  is  beyond  infinite 
distance,  if  the  term  may  be  allowed.  Rays  of  light 
emanating  from  all  objects  at  a  measurable  distance, 
are  divergent.  Those  from  objects  at  an  infinite  dis- 
tance are  parallel.  Neither  of  these  can  be  focussed  on 
the  retina  by  a  hypermetropic  eye.  At  rest,  the  diverg- 
ing rays  emanating  from  a  near  object  must  be  ren- 
dered convergent  by  a  convex  lens,  or  by  a  more  or 
less  energetic  contraction  of  the  ciliary  muscle.  This 
muscle  soon  becomes  fatigued,  and  then  exhausted, 
and  near  objects  can  no  longer  be  seen. 

The  conditions  are  shown  in  Fig.  44.  It  is  here 
seen  that  parallel  rays,  indicated  by  the  dark  continu- 
ous lines,  are  not  brought  to  a  focus  on  the  retina, 
but  behind  it,  at  0.  Objects  that  emit  parallel  rays 
of  light,  as,  for  example,  the  moon,  are  not  seen 
distinctly  by  the  hypermetropic  person  when  his  eyes 
are  at  rest ;  but,  if  he  exerts  his  accommodation,  and 
renders  his  lens  thicker,  then  he  brings  up  the  focus 
from  0  to  c,  and  he  sees  the  object  distinctly  ;  but  he 
is  in  worse  case  with  near  objects.  Rays  proceeding 
from  near  objects  are  divergent^  and  hence  are  only 
brought  to  a  focus,  as  indicated  by  the  dotted  lines, 
far  behind  the  retina,  as  at  f.  By  an  extraordinary 
exertion  of  the  ciliary  muscle  the  suspensory  ligament 
may  be  for  a  short  time  so  relaxed,  and  the  lens 
rendered  thicker,  that  the  focus  is  brought  up  from  j- 
to  0 ;  but  the  effort  cannot  be  long  sustained,  the 
muscle  relaxes,  and  all  near  objects  become  indistinct. 
The  appropriate  means  of  relief  consist  in  the  ap- 
plication of  glasses  of  such  strength  that,  as  shown 
by  the  thin  lines,  they  cause  rays  of  light  from  distant 
objects  to  converge  sufficiently  to  unite  on  the  retina 
without  any  effort  on  the  part  of  the  subject.  The 
long-sighted  man  should  wear  the  strongest  glasses 
with  which  he  can  see  distant  objects  well. 
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Astigmatism.— This  is  so  common  a  defect  of 
the  eye  that  it  may  almost 
be  regarded  as  the  normal 
condition.  When  con- 
siderable, it  occasions 
great  impairment  of  vi- 
sion. It  consists  in  an 
inequality  of  the  refrac- 
tion in  the  different  meri- 
dians of  the  eye,  and  is 
usually  caused  by  the 
curvature  of  the  cornea 
being  different  in  the  two 
meridians.  The  curvature 
in  the  vertical  meridian 
is  usually  sharper  than  in 
the  horizontal,  like  the 
back  of  the  bowl  of  a 
spoon  held  horizontally. 
Its  refractive  power  is 
therefore  greater  in  the 
vertical  than  in  the  hori- 
zontal meridian.  Under 
these  circumstances  the 
eye  is  unable  to  bring  the 
image  of  a  point  of  light 
to  a  focus  on  the  retina. 
If  p  (Fig.  45)  be  the  point 
of  light,  and  vv'  repre- 
sent the  vertical  meri- 
dian or  sharper  curve  of 
the  cornea  in  a  case  of 
simple  myopic  astigma- 
tism, and  H  h'  the  hori- 
zontal meridian,  the  rays 
p  V,  p  v'  will  be  brought  to  a  focus  at  f  ;  whilst  those 
falling  in  the  horizontal  meridian,  p  h,  p  h',  will  not 
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be  brought  to  a  focus  so  soon,  but  at  a  farther  point, 
f'.  Hence,  at  f  the  image  of  the  point  will  be  hori- 
zontally elongated,  as  at  k,  by  reason  of  the  rays  v  f, 
v'  F  having  come  to  a  focus,  whilst  the  horizontal  rays 
P  H,  p  h'  have  not  yet  met.  At  f,  on  the  contrary, 
the  image  will  be  vertically  elongated,  as  at  l,  because 
the  vertical  rays  have  come  to  a  focus  and  crossed. 

When,  in  such  an  eye,  a  series  of  lines,  radiating 
from  a  centre,  is  placed  before  it,  that  line  will  be 
seen  most  distinctly  which 
corresponds  to  the  astigmatic 
meridian^  which  would  here 
be  the  vertical  one;  for  the 
image  of  a  vertical  line  will 
be  formed  by  the  superposi- 
tion of  small  vertical  lines. 
These  overlap  each  other  in 
the  astigmatic  meridian,  and 
make  the  line  somewhat 
longer  indeed  and  blurred  at 
the  ends,  which  is  not  noticed, 
but  blacker  and  more  dis- 
tinct ;  whilst  the  line  at  right  angles  to  the  astigmatic 
meridian  is  blurred  and  confused,  being  formed  by 
the  apposition  of  a  series  of  vertical  lines  (Fig.  46). 
The  defect  is  corrected  in  ophthalmic  practice  by 
cylindrical  glasses,  the  curvature  of  which  in  one  or 
both  axes  is  adapted  to  compensate  for  the  defect  that 
is  noted  in  that  axis. 

Irradiation. — By  this  term  is  understood  the 
tendency  of  a  brightly  illuminated  surface  to  encroach 
upon  an  adjoining  black  surface,  as  a  result  of  im- 
perfect accommodation.  A  black  letter  upon  a  white 
ground,  therefore,  appears  smaller  than  it  really 
is,  whilst  a  white  letter  on  a  black  ground  appears 
larger.  When  accommodation  is  perfect,  irradiation 
is  not  observed. 


V 

Fip.  46.  —  Appearance  of  a 
Cross  in  a  case  of  Simple 
Myopic  Astigmatism,  verti- 
cal Curvature  sharpest. 
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Eiitoptic  phenomena. — This  term  is  applied 
to  subjective  visual  sensations,  sensations  that  originate 
in  and  are  perceived  by  the  eye  itself.  The  most  im- 
portant of  these  are  Purkinje's  figures,  phosphenes,  and 
musGse  volitantes,  of  which  there  are  several  varieties. 
Thus,  if  the  clear  blue  sky  be  looked  at  for  some  time, 
a  number  of  bright  spots  will  be  seen  moving  to  and 
fro,  like  the  sparks  in  tinder,  or  like  the  movements 
of  the  small  black  water-beetle  named  Gyrinus.  These 
are  the  blood  corpuscles  moving  in  the  retinal  capil- 
laries. Another  form  is  that  of  strings  of  transparent 
pearl- like  bodies,  which  are  the  debris  of  cells  in  the 
vitreous.  These  are  not  very  persistent,  and  are  of 
much  less  importance  than  the  presence  of  one  or 
more  black  spots,  sometimes  with  a  tail  of  semi- 
transparent  cell-like  bodies,  or  a  chain  of  globules 
attached  to  it  or  them.  These  move  with  the  eye, 
and  continue  to  move  for  some  time  after  the  eye  has 
been  brought  to  rest.  They  are  usually  considered  to 
be  masses  of  pigment  which  have  separated  from  the 
choroid  or  ciliary  processes  and  have  entered  the 
space  between  the  lens  and  the  vitreous,  or  have 
become  entangled  in  the  vitreous.  They  may  also  be 
exudation  masses,  or  small  masses  of  effused  blood. 
They  are  of  common  occurrence  in  cases  of  hyperme- 
tropia,  and  appear  to  be  caused  by  the  subject  pressing 
and  rubbing  the  eye  after  exertion.  Muco-lacrymal 
figures  may  be  brought  into  view  by  looking  through 
a  minute  hole  in  a  card  at  the  flame  of  a  lamp. 
These  move  with  the  eyelids. 

Purkinje'is  figTures.— If,  after  the  pupil  has 
been  widely  dilated  by  remaining  in  a  dark  room  for 
some  time,  a  candle  be  waved  before  it  in  various 
directions,  the  outlines  of  the  vessels  will  be  seen. 
These,  as  is  well  known,  lie  in  the  anterior  layers  of 
the  retina,  and  their  shadows  are  consequently  thrown 
on  the  rods  and  cones  which  form  the  posterior 
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layer  of  the  retina,  and  are  the  light-perceiving 
elements. 

Phoisphenes* — When  the  eye  is  turned  strongly 
inwards,  and  the  finger  is  lightly  pressed  on  the  outer 
side  of  the  globe  as  far  back  as  possible,  a  phosphor- 
escent-like luminous  ring  is  seen  on  the  side  opposite 
to  that  on  which  the  pressure  is  made.  It  is  due  to 
the  mechanical  irritation  of  the  retina  at  the  point 
pressed,  which  is  projected  outwards. 

PiirkinjeS  imag-es. — When  a  ray  of  light 
falls  on  the  eye  it  is  in  part  reflected  from  the 
successive  limiting  planes  of  the  different  media,  and 
before  the  invention  of  the  ophthalmoscope  much 
use  was  made  of  the  images  thus  formed,  and  specially 
described  by  Purkinje,  to  determine  the  presence  of 
cataract.  If  the  pupil  be  large,  or,  better  still,  artifi- 
cially dilated  with  atropine,  and  a  candle  with  a 
steady  flame  be  placed  a  little  to  one  side  of  the 
subject,  whilst  the  observer  stands  in  front  of  him^ 
three  images  of  the  candle  will  be  seen :  A  large 
erect  one,  reflected  from  the  convex  surface  of  the 
cornea  ;  a  smaller  erect  one,  from  the  anterior  surface 
of  the  lens  (both  of  these  move  with  the  candle  if  the 
position  of  this  be  altered);  lastly,  there  is  a  still 
smaller  image,  which  is  inverted,  and  moves  in  the  op- 
posite direction  to  the  candle  ;  this  is  reflected  from 
the  posterior  concave  surface  of  the  crystalline  lens. 
The  presence  of  an  opaque  lens  is  rendered  evident 
by  the  disappearance  of  the  inverted  image,  which 
is  formed  by  light  that  has  passed  through  the  lens 
to  the  posterior  surface,  and  has  been  reflected  from 
it.  The  non-appearance  of  the  second  or  smaller 
erect  image  demonstrates  that  the  pupil  is  obstructed 
by  an  exudation,  or  that  there  is  turbidity  of  the 
aqueous  humour,  or  cloudiness  of  the  cornea,  all  of 
which  interfere  with  its  production. 

Cause   of  erect  vision.  —  The    images  of 
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external  objects  formed  on  the  retina  are  necessarily- 
inverted,  and  it  has  been  thought  that  we  really  see 
the  world  upside  down ;  and  attempts  have  been  made 
to  explain  the  mode  in  which  visual  sensations  are 
made  to  harmonise  with  tactile,  auditory,  and  other 
impressions.  There  is,  however,  no  reason  for 
believing  that  such  antagonism  between  the  senses 
exists.  The  rays  coming  from  the  lower  part  of  the 
field  of  vision  affect  the  rods  and  cones  situated  in  the 
upper  part  of  the  retina,  and  those  from  above  affect 
the  lower  ones ;  but  it  is  easy  to  conceive  that  at  the 
central  extremity  of  the  nerve  fibres  the  mind  takes 
cognisance  of  the  direction  from  which  the  rays  have 
entered  the  eye,  and  refers  them  back  to  their  normal 
source,  or,  as  it  is  said,  projects  the  image  outwards. 
A  good  illustration  of  the  "  law  of  visible  direction  " 
is  given  by  Leconte.  If  a  pin-hole  be  made  in  a 
card,  and  the  card  be  held  at  a  distance  of  four  or 
five  inches  before  the  right  eye,  with  the  left  eye 
shut,  and  a  pin-head  be  now  brought  very  near  to  the 
open  eye,  so  that  it  touches  the  lashes,  and  in  the  line 
of  sight,  a  perfect  inverted  image  of  the  pin-head  will 
be  seen  in  the  pin-hole.  If,  instead  of  one,  several 
pin-holes  are  made,  an  inverted  image  of  the  pin-head 
will  be  seen  in  each  pin-hole.  The  explanation  is  as 
follows  : — If  the  pin  were  farther  away,  say  six  inches 
or  more,  then  light  from  the  pin  would  be  brought  to 
focal  points,  and  produce  an  image  on  the  retina,  and 
this  image  being  inverted  would,  by  projection,  be 
re-inverted,  and  the  pin  would  be  seen  in  its  real 
position.  In  the  above  experiment,  however,  the  pin 
is  much  too  near  the  retina  to  form  an  image.  But 
nearness  to  the  retinal  screen,  though  unfavourable 
for  producing  an  image,  is  most  favourable  for  casting 
a  sharp  shadow,  and  whilst  retinal  images  are  inverted, 
retinal  shadows  are  erect.  The  light  streaming  through 
the  pin-hole  into  the  eye  casts  an  erect  shadow  of  the 
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pin-head  on  the  retina.  This  shadow  is  projected 
outward  into  space,  and,  by  the  law  of  direction,  is 
inverted  in  the  act  of  projection,  and  therefore  seen 
in  this  position  in  the  pin-hole.  It  is  further  proved 
to  be  the  outward  projection  of  a  retinal  shadow  by 
the  fact  that,  by  multiplying  the  pin-holes  or  sources 
of  light,  the  shadows  are  multiplied^  precisely  as 
shadows  of  an  object  in  a  room  are  multiplied  by 
multiplying  the  lights  in  the  room. 

Sing^le  viision  with  two  eyes.— The  two  eyes 
act  together,  and  when  directed  to  any  object,  that 
object  is  seen  single,  because  its  image  falls  upon 
what  are  termed  "  corresponding "  or  "  identical  " 
points  of  the  retina ;  if  the  images  fall  on  any  other 
points,  double  images  will  be  formed. 

Tbe  course  of  the  fibres  distributed  to  the 
retina.— The  diagram  here  given  (Fig.  47)  has  been 
constructed  by  Charcot,  partly  from  the  results  of  ex- 
periment and  partly  on  clinical  grounds,  to  render 
the  course  of  the  fibres  of  the  optic  nerves  in- 
telligible. If  we  suppose  the  fibres  of  the  optic  nerves 
to  arise  from  two  centres  of  the  cerebral  cortex  on 
the  right  and  left  side  RCC  or  lcc,  some  of  these  fibres 
a  and  h'  course  down  the  optic  tract  of  their  own  side, 
pass  to  the  opposite  side  in  the  chiasm  a  oc,  and  are 
distributed  to  the  inner  or  nasal  side  of  each  eye  i  i. 
Other  fibres  o!h  arising  from  the  same  cerebral  centres 
cross  to  the  opposite  side  in  the  corpora  quadrigemina 
CQ,  and  proceeding  along  the  opposite  optic  tract  and 
optic  nerve,  are  distributed  to  the  outer  part  of  each 
eye.  Owing  to  the  partial  decussation  in  the  chiasma, 
the  left  optic  tract  h  h'  thus  receives  the  fibres  h  from 
the  outer  or  temporal  half  of  the  left  retina,  and 
others  h'  from  the  nasal  half  of  the  right,  that  is  to 
say,  contains  fibres  conducting  impressions  from  the 
right  half  of  each  visual  field.  In  the  same  way  the 
right  optic  tract  conducts  impressions  from  the  left 
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half  of  each  visual  field.  Owing  to  the  second 
partial  decussation  in  the  corpora  quadrigemina, 
each  cerebral  centre  receives  all  the  fibres  from  one 


Fig.  47. 


I,  Inner  side  of  the  eye;  o,  outer  side  of  the  eye ;  c,  commissure ;  N,  outer  part 
of  commissure ;  k,  circle  placed  on  optic  tract ;  cg  cg,  corpora  geniculata  of 
optic  thalamus;  CQ,  corpora  quadrigemina;  ecc,  right  cortical  optic  centre  ; 
Lcc,  left  cortical  optic  centre ;  a  b,  fibres  passing  to  left  eye ;  a'b',  fibres 
passing  to  right  eye. 

eye  only ;  the  left  cerebral  centre  those  from  the 
right  eye,  and  the  right  those  from  the  left  eye. 

If  the  concave  right  retina  were  lifted  bodily  out 
of  the  eye,  and  superimposed  upon  the  left  retina, 
the  corresponding  points  "  of  the  two  retinae  would 
be  in  contact ;  the  outer  half  of  the  right  retina  would 
cover  the  inner  half  of  the  left  retina,  and  the  inner 
half  of  the  right  would  cover  the  outer  part  of  the  left 
retina.  The  images  of  all  objects  falling  on  the  outer 
side  of  the  right  retina  and  the  inner  side  of  the  left 
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retina,  or  vice  versa^  fall  therefore  on  corresponding 
points,  and  are  seen  single.  The  area  of  space,  rays 
proceeding  from  any  part  of  which  fall  on  corresponding 
points,  and  in  which,  therefore,  all  objects  appear 
single,  is  termed  the  horopter.  The  precise  form  of 
the  horopter  is  unknown.  Its  existence  appears  to  be 
doubtful  on  geometrical  grounds. 

Visual  purple  or  rliodopsin.— The  structure 
of  the  retina  is  given  in  detail  in  Klein's  "  Histology," 
and  it  is  there  stated  that  the  outer  segments  of  the 
rods,  but  not  of  the  cones,  contain  in  the  fresh  and 
living  state  a  peculiar  diffused  purplish  colouring 
matter,  named  rhodopsin.  It  is  not  present  in  the 
rods  near  the  ora  serrata.  It  is  non-diffusible,  in- 
soluble in  solutions  of  urea,  or  in  melted  paraffin.  It 
is  soluble  in  solutions  of  the  biliary  salts.  It  is  easily 
destroyed  by  chlorine,  nitrous  acid,  ether,  chloroform, 
aldehyde,  and  oil  of  turpentine ;  but  it  resists  the 
action  of  ozone,  permanganate  of  potash,  ammonia, 
and  sodium  chloride.  When  exposed  to  the  light  of 
day,  it  rapidly  bleaches.  Exposure  to  a  temperature 
of  50°  C.  in  the  dark  causes  bleaching  to  begin,  be- 
coming very  rapid  as  the  temperature  rises  to  70°  C. 
If,  after  being  bleached,  the  retina  is  kept  in  dark- 
ness, it  is  capable  of  regaining  its  colour  if  preserved 
in  contact  with  its  natural  background. 

Optograms. — The  action  of  light  upon  rho- 
dopsin was  first  demonstrated  by  Kiihne  in  the  fol- 
lowing experiment :  In  the  opaque  wooden  wall  of  a 
dark  chamber  he  bored  a  hole,  which  he  covered  with 
a  circular  diaphragm  5  mm.  in  diameter.  The  hole 
looked  into  a  second  chamber,  in  which  was  only  one 
ground-glass  pane,  on  which  the  bright  noon-day 
light  fell.  In  order  to  see  how  this  bright  pane, 
which  was  about  5*77  metres  from  the  wooden  wall 
just  mentioned,  came  out  as  an  image  in  the  rabbit's 
eye,  he  first  of  all  hung  over  it  an  intensely  coloured 
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chrome-yellow  tissue  paper,  and  arranged  an  eye  in 
the  following  way  :  An  albino  rabbit,  after  being 
kept  fifteen  minutes  in  the  dark,  was  decapitated. 
One  eye  was  removed  from  the  head  under  the  mono- 
chromatic light  of  a  sodium  light,  was  somewhat 
cleared  at  its  posterior  surface,  and  fastened  on  to 
the  edge  of  a  cork  by  means  of  needles  run  through 
the  remains  of  the  conjunctiva.  Thus  prepared,  the 
eye  was  placed  in  position  in  the  dark  chamber,  with 
the  cornea  pressing  softly  against  the  diaphragm. 
The  image  was  visible  on  the  sclerotic  on  one  side  of 
the  optic  nerve,  and  he  could  readily  mark  its  place  in 
the  appropriate  quadrant.  Thereupon  the  yellow  cur- 
tain was  removed  from  the  pane,  and  the  eye,  after 
five  minutes'  exposure,  was  taken  away,  divided  along 
the  equator,  and  examined  in  feeble  gaslight.  In 
difi*used  daylight  a  most  distinct  brighter  difiused 
spot  could  be  seen  on  the  retina,  the  small  dimensions 
of  which  corresponded  to  those  of  the  image  he  had 
previously  seen,  and  the  position  of  which  made  him 
already  sure  that  it  was  the  optogram.  Still  the 
image  was  not  precise,  and  it  was  only  in  after- 
experiments,  in  which  he  used  a  4  per  cent,  solution 
of  potash-alum  to  harden  the  retina  and  fix  the 
retinal  purple,  that  the  details  of  the  image  thrown 
on  the  retina,  as  the  cross-bars  of  a  window,  became 
clearly  visible. 

The  pigmented  cells  forming  the  outermost  layer 
of  the  retina  send  filiform  prolongations  between  the 
rods  and  cones  as  far  as  to  the  external  limiting 
membrane,  and  Kiihne  has  demonstrated  that  under 
the  influence  of  light,  the  crystalline  particles  of 
black  pigment  extend  processes  into  these  cells,  and 
surround  the  rods  and  cones,  by  which  means  they 
are  isolated,  and  protected  from  all  lights  except  that 
which  travels  directly  along  their  axis.  In  darkness 
the  pigment  recedes  again  into  the  bodies  of  the  cells. 
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Binocular  vision. — The  importance  of  bin- 
ocular vision  is  shown  by  the  difficulty  that  is 
experienced  in  threading  a  needle,  or  in  pouring 
wine  into  a  glass,  with  one  eye  closed  ;  and  this  is 
due  to  the  circumstance  that  pictures  on  the  retina 
convey  to  the  mind  only  the  notion  of  a  plane  surface. 
The  mode  in  which  the  mind  estimates  distance  with 
one  eye  alone  is  by  variations  of  light  and  shade,  by 
degree  of  exertion  of  the  accommodation  to  obtain 
distinct  vision,  by  experience  of  form  and  size,  by 
parallactic  motion,  and  by  probability ;  but  when 
both  eyes  are  used,  an  impression  of  solidity  is  at 
once  obtained ;  a  stereoscopic  effect  is  produced,  and 
the  relative  position  of  objects  is  much  more 
accurately  estimated!  If  a  card  with  a  name  be 
held  edgewise  before  the  nose,  it  will  be  found  that 
the  name  may  be  read  with  one  eye,  whilst  the 
back  of  the  card  will  be  seen  by  the  other.  It  is 
the  combination  of  two  dissimilar  images  that  enables 
us  to  judge  that  the  card  has  a  certain  depth,  and 
that  a  pillar  is  round  and  not  flat.  The  stereoscope 
itself  is  only  an  instrument  by  which  two  plane 
figures  of  any  object  drawn  or  photographed,  as  seen 
with  the  two  eyes,  are  superimposed  upon  each  other, 
and  immediately  give  the  effect  of  solidity ;  the 
objects  in  the  foreground  standing  out  in  strong 
relief  against  those  in  the  middle  distance  and 
background. 

Decomposition  of  lig^lit. — The  white  light  of 
the  sun  is  composed  of  colorific  rays  of  various  degrees 
of  refrangibility,  which  are  therefore  separated  from 
each  other  when  they  are  made  to  traverse  a  prism. 
The  red  rays  are  least  refrangible,  and  then  in  succes- 
sion the  orange,  yellow,  green,  blue,  indigo,  and  violet 
rays,  which  are  the  most  refrangible.  The  rapidity  of 
the  undulations  is  very  great ;  the  red  ray  vibrates  481 
billions  of  times  in  a  second  ;  the  violet  764  billions. 


432 


Human  Physiology.         [Chap.  xvi. 


There  are  other  rays  in  the  solar  spectrum  besides  those 
of  light.  There  are  rays,  which  are  invisible  indeed, 
but  which  act  strongly  on  the  thermometer  {calorific 
rays)  which  are  less  refrangible  than  the  red  ;  and 
there  are  rays  which  are  more  refrangible  than  the 
violet,  which  are  also  invisible,  but  which  are  re- 
cognised by  their  powerful  chemical  action,  and  are 
sometimes  called  actinic^  or  ultra  violet,"  rays. 
Attempts  have  been  made  to  distinguish  the  several 
coloured  rays  of  the  solar  spectrum  into  pure 
colours  and  mixed  colours.  At  one  time  it  was 
thought  that  the  fundamental  colours  were  red, 
yellow,  and  blue;  orange  was  believed  to  result 
from  the  blending  of  red  and  yellow ;  green  from 
the  mixture  of  yellow  and  blue.  More  recently  the 
fundamental  colours  have  been  held  to  be  red,  green, 
and  violet;  whilst  Hering  reverts  to  the  view  long 
ago  held  by  Leonardo  da  Yinci,  that  the  primary 
colours  are  red,  yellow,  green,  and  blue. 

Complementary  colours.  —  Complementary 
colours  are  those  which,  when  mingled,  theoretically 
produce  white  light.  Examples  of  complementary 
colours  are  said  to  be  found  in  red  and  bluish-green  ; 
orange  and  light  blue,  yellow  and  indigo,  greenish- 
yellow  and  violet,  green  and  purple,  which  last  is  a 
compound  colour;  but  none  of  these  compounds  really 
produce  the  impression  of  white  light  on  the  eye  ; 
they  are  merely  antagonistic  colours. 

Perception  of  colours. — On  the  theory  of 
Young,  it  is  believed  that  the  retina  possesses  three 
kinds  of  elements,  the  stimulation  of  which  gives 
respectively  the  sensation  of  red,  green,  and  violet 
rays.  White  light  excites  all  the  elements  equally  ; 
but  if  homogeneous  or  monochromatic  light  be  received 
upon  the  retina,  then  each  of  the  three  kinds  of  fibres 
is  stimulated,  with  an  intensity  which  varies  with 
the  length  of  the  waves.    Thus  :  red  light,  which  has 
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waves  of  the  greatest  length,  stimulates  the  red 
elements  strongly,  the  green  more  feeblv,  and  the 
violet  elements  slightly,  and  the  sensation  experienced 
is  red.  Green,  which  has  waves  of  intermediate  length, 
stimulates  the  red  and  the  violet  elements  feebly,  but 
the  green  elements  strongly,  and  the  sensation  per- 
ceived is  green  \  and  so  with  violet,  which  has  waves 
of  the  shortest  length,  and  which  acts  as  a  powerful 
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Fig.  48. — Showing  the  Distrihution  of  the  Primary  Colours  m  the 
Spectrum,     b,  red ;  o,  orange ;  x,  yellow  ;  G,  green  ;  b,  blue,  v.  violet. 

stimulus  to  the  violet  elements  of  the  retina,  but 
scarcely  affects  the  green  and  red  elements. 

The  three  curves  culminating  at  R,  Gr,  and  v  (Fig. 
48),  show  that  the  retinal  impression  of  these  colours  in 
greatest  intensity  is  produced  by  their  own  special 
colour  with  some  but  varying  admixtures  of  the 
other  special  colours. 

The  intermediate  colours  are,  of  course,  produced 
by  the  mixture  of  sensations  ;  thus,  the  sensation  of 
yellow  is  caused  by  the  nearly  equal  stimulation  of  the 
red  and  green  perceiving  elements  with  slight  stimu- 
lation of  the  violet,  and  so  on. 

A  very  different  view  has  been  advanced  by 
Hering,  who  considers  that  colour  is  the  mental  per- 
ception of  the  changes  taking  place  in  the  visual 
substance,  which,  under  the  influence  of  light,  is 
constantly  undergoing  a  double  process  of  destruc- 
tion and  reparation.  Perception  of  white  light  is 
c  c— 5 
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coincident  with  disintegration ;  of  blackness  or  dark- 
ness, with  redintegration ;  and  the  degrees  of  white  and 
black  depend  on  the  activity  of  the  processes  of  disin- 
tegration and  reconstruction.  Besides  white  and 
black  there  are  two  other  pairs  of  antagonistic  colours, 
the  perception  of  which  is  similarly  dependent  on 
processes  of  construction  or  destruction.  Red  and 
yellow  result  from  destructive  or  disintegrating  pro- 
cesses; green  and  blue,  from  constructive  or  redin- 
tegrating processes.  The  visual  substance,  which  is 
sensitive  to  colour,  is  thus  supposed  to  be  composed 
of  three  constituents ;  one  perceiving  black  and  white, 
another  blue-yellow,  and  the  third  the  colours  red-green. 
All  luminous  rays  produce  disintegration  of  the  black- 
white  perceiving  substance,  though  the  different  rays 
act  with  different  degrees  of  energy  upon  it.  There 
are  only  certain  rays,  however,  which  act  as  de- 
composers of  the  blue-yellow  or  red-green  constituent, 
whilst  other  rays  act  as  constructive  agents,  and  others 
again  have  little  or  no  action. 

Colour  blindness. — About  three  or  four  per 
cent,  of  men,  and  a  less  proportion  of  women,  fail  to 
distinguish  certain  colours.  The  most  common  defect 
is  the  inability  to  distinguish  between  red  and  green. 
It  was  strongly  marked  in  the  Quaker,  John  Dalton, 
and  is  hence  sometimes  named  Daltonism.  The  peculiar 
character  of  red  rays  is  not  perceived ;  the  subject  is 
unable  to  recognise,  otherwise  than  by  their  form,  the 
cherries  from  the  leaves  of  a  cherry  tree.  This  defect 
(red-blindness,  as  it  may  be  called)  is  supposed,  on 
Young's  theory,  to  be  due  to  the  absence  of  the  red- 
perceiving  elements  of  the  retina  ;  and,  on  the  theory 
of  Hering,  to  the  absence  of  the  red-green  constituent 
of  the  colour-perceiving  substance.  In  the  violet 
blind,  the  yellow-blue  constituent  is  absent. 

There  are  degrees  of  colour  blindness  ;  in  some, 
whilst  saturated  colours  can  be  readily  recognised,  the 
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different  shades  of  the  same  colour  fail  to  be  dis- 
tinguished. This  is  termed  partial  colour  blindness. 
In  complete  colour  blindness  only  shades  of  black  and 
white  can  be  perceived,  and  both  the  yellow-blue  and 
red-green  constituents  of  the  visual  substance  are  ab- 
sent. 

Positive  and  negative  after-images. —  If 

the  retina  be  exposed  to  a  very  bright  light,  which  is 
then  suddenly  extinguished,  there  remains  for  a  short, 
time  an  impression  of  the  same  colour,  as  though  the 
retinal  elements  still  continued  to  vibrate  in  response 
to  the  same  stimulus.  This  is  the  positive  after-image. 
After  a  little  while,  however,  the  positive  image  is 
replaced  by  a  negative  after-image^  in  which  the 
bright  parts  of  the  real  image  and  of  the  positive 
after-image  become  dark,  and  the  dark  parts  light. 
The  appearances  in  question  are  well  seen  on  looking 
intently  at  the  sky  through  cross-barred  or  cottage 
windows  for  a  minute  or  two,  and  then  closing  the 
eyes  ;  the  bars,  at  first  dark  on  a  light  ground,  soon 
become  light  on  a  dark  ground. 

When  the  object  is  ©f  a  bright  colour  the  negative 
after-image  presents  the  complementary  colour,  and 
the  tint  of  the  complementary  image  becomes  most 
pronounced  when  the  eye  is  turned  upon  a  uniformly 
grey  surface.  The  experiment  is  made  use  of  in  a 
well-known  advertisement,  in  which  the  name  of  the 
firm  is  printed  in  vermilion,  with  a  blank  space  of 
equal  dimensions  below,  to  which  the  observer  is 
directed  to  look,  after  gazing  steadily  at  the  name  for 
a  few  seconds.  The  name  appears  in  the  blank  of  a 
vivid  green  colour.  Many  fail  to  see  the  negative 
after-image,  which  is  due  to  the  fact  that  they  have 
not  kept  their  eyes  fixed  on  one  spot,  but  have  allowed 
them  to  wander. 

The  after-image  of  a  bright  white  object  passes 
through  a  series  of  coloured  phases,  which  is  explained 
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by  Helmholtz  on  the  supposition  that  fatigue  super- 
venes more  readily  for  one  energy  than  for  another. 
When  about  to  disappear,  or  even  after  total  dis- 
appearance, a  slight  movement  of  the  eye  or  head 
brings  after-images  more  or  less  prominently  into 
view  again. 

Coloured  shadows. — If  the  light  of  day  be 
admitted  into  an  otherwise  darkened  room  through 
two  apertures,  one  of  which  is  free,  whilst  into  the 
other  a  piece  of  coloured  glass  is  inserted,  and  a 
pencil  is  held  at  a  convenient  distance  in  front  of  a 
white  screen,  two  shadows  of  the  pencil  will  be 
thrown  on  the  screen,  the  depth  of  which  may  be 
equalised  by  a  diaphragm.  It  will  then  be  found 
that  the  tint  of  the  shadows  will  present  comple- 
mentary tints,  so  that  if  a  piece  of  red  glass  be 
inserted  into  one  of  the  apertures,  the  shadow  of  the 
pencil  thrown  by  the  light  entering  the  free  aperture, 
being  illuminated  by  the  red  light  entering  by  the 
other  aperture,  will  appear  of  a  reddish  colour,  whilst 
that  thrown  by  the  red  aperture  will  appear  of  a  com- 
plementary tint,  that  is  to  say,  of  a  greenish  colour. 
So  if  one  of  the  sources  of  light  be  a  candle,  and 
the  other  the  sky,  the  shadow  of  the  pencil  thrown 
by  the  candle  will  be  yellowish  red,  and  that  of  the 
sky  will,  by  contrast,  appear  blue. 

Muscles  and  movements  of  ttie  eye.— Each 
eye  is  moved  by  six  muscles,  which  are  arranged 
in  pairs,  each  pair  rotating  the  eye  in  opposite 
directions  round  a  definite  axis.  To  facilitate  the 
comprehension  of  their  action,  it  is  also  useful  to 
remember  that  a  vertical  line  halving  the  cornea  is 
termed  the  vertical  meridian.  The  names  of  the 
muscles  and  their  actions  are : 


I  Internal  rectus,  which  rotates  the  eye  inwards. 
\  External  rectus,  which  rotates  the  eye  outwards. 
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In  the  case  of  these  two  muscles  the  axis  of 
rotation  is  vertical.  When  they  act,  although  the 
globe  is  rolled  inwards,  the  vertical  meridian  is  not 
altered  in  direction,  but  remains  vertical. 

I  Superior  rectus,  which  rotates  the  eye  upwards. 
\  Inferior  rectus,  which  rotates  the  eye  downwards. 

In  the  case  of  these  two  muscles  the  axis  of 
rotation    is  horizontal,   but   slightly  oblique  from 


Fig,  49. — Diagram  showing  relative  Attachments  of  the  Ocular 
Muscles.   The  thin  fines  show  the  axes  of  rotation. 

nose  to  temple,  {^ee  Fig.  49.)  The  superior  rectus 
acting  alone  not  only  turns  the  eye  upwards,  but 
causes  the  vertical  meridian  to  incline  inwards,  and  to 
obtain  a  true  rotation  upwards  the  inferior  oblique  is 
also  brought  into  play,  which  inclines  the  meridian 
outwards. 

In  the  case  of  the  inferior  rectus  the  same  is 
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observed.  The  inferior  rectus  not  only  rotates  the 
eye  downwards,  but  inclines  the  vertical  meridian 
outwards,  and  this  is  corrected  by  the  coincident 
action  of  the  superior  oblique,  which  inclines  the 
vertical  meridian  inwards. 

r  Superior  oblique — rotates  the  eye  downwards  and  outwards. 
\  Inferior  oblique — rotates  the  eye  upwards  and  outwards. 

The  axis  of  rotation  of  the  oblique  muscles  lies  in 
the  plane  of  the  horizontal  diameter  of  the  globe, 
but  forms  an  angle  of  60°  with  the  transverse  axis. 
The  superior  oblique  inclines  the  vertical  meridian 
inwards.  The  inferior  oblique  inclines  the  vertical 
meridian  outwards.    {See  Fig.  49.) 

I^aerymal  apparatus. — The  secretion  of  the 
lacrymal  gland,  named  tears^  is  a  protective  fluid.  It 
is  discharged  into  the  conjunctival  sac  at  its  upper 
and  outer  part,  and  serves  to  wash  away  any  foreign 
body  that  may  have  entered  between  the  lids  and 
become  adherent  to  the  conjunctiva.  The  secretion 
is  very  thin  and  watery,  containing  nearly  99  parts 
of  water  and  one  part  per  cent,  of  albumin,  mucin, 
and  salts,  and  may  be  excited  through  the  optic 
nerve  by  exposure  of  the  eye  to  a  bright  light,  through 
the  branches  of  the  fifth  nerve  distributed  to  the 
conjunctiva  and  nose,  and  by  mental  excitement. 
The  centre  is  probably  in  the  pons  or  medulla  ob- 
longata. The  motor  nerves  are  the  lacrymal  of  the 
fifth  and  the  small  temporo-malar  nerve.  After  hav- 
ing traversed  the  surface  of  the  globe  of  the  eye,  the 
tears  enter  the  puncta,  partly  by  capillary  attraction 
and  partly  by  the  action  of  Horner's  muscle  and 
some  fibres  of  the  orbicularis,  which  on  contracting 
dilate  the  lacrymal  sac,  and  produce  a  tendency  to  a 
vacuum,  which  the  tears  rush  in  to  fill.  The  continued 
action  of  the  same  muscle  compresses  the  sac  and 
forces  the  fluid  down  the  nasal  duct,  regurgitation 
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being  prevented  by  several  but  irregularly  placed 
folds.  The  inspiratory  act  also  promotes  the  passage 
of  tears  through  the  duct.  It  has  also  been  pointed 
out  that  the  lacrymal  passages  constitute  a  kind  of 
syphon,  the  short  arm  of  which  is  formed  by  the 
canaliculi  and  the  long  arm  by  the  nasal  duct.  The 
surface  of  the  globe  is  further  kept  moist  by  the 
mucous  secretion  of  the  inner  surface  of  the  eyelids. 
The  lids  are  prevented  from  adhering  during  sleep  by 
the  secretion  of  the  Meibomian  glands,  which  open 
on  the  free  margin  of  the  lids  behind  the  attachment 
of  the  cilia. 

THE  SENSE  OF  HEARING. 

This  sense  is  due  to  the  excitation  of  the  eighth 
or  auditory  nerve.  The  organ  of  hearing  is  divided 
into  three  parts — the  external  ear,  including  the 
auricle  and  the  meatus  ;  the  middle  ear,  or  tympanum ; 
and  the  internal  ear,  or  labyrinth.  The  external  ear 
has  for  its  function  the  collection  and  transmission  of 
sounds  to  the  membrana  tympani.  The  importance  of 
the  auricle  is  shown  by  its  constant  motion  in  animals 
like  the  horse,  cat,  and  hare.  In  man  its  function  is 
subsidiary  ;  it  has  become  flattened,  the  muscles  are 
atrophied,  and  its  movements  are  scarcely  perceptible. 
If  the  inequalities  of  one  auricle  be  filled  with  wax, 
the  perception  of  sounds  is  not  impaired,  as  compared 
with  the  opposite  ear,  when  the  meatus  is  directed 
towards  the  source  of  the  sound ;  but  in  all  other 
positions  it  is  much  diminished. 

The  membrana  tympani,  or  drum  of  the 
ear. — This  is  a  membrane  composed  of  a  basis  of 
fibrous  tissue,  with  a  prolongation  of  the  external 
skin  on  the  one  side,  and  of  the  mucous  membrane  of 
the  tympanic  cavity  on  the  other.  It  is  concave  when 
viewed  externally,  is  not  very  tightly  stretched,  and 
is  inelastic.     The  handle  of  the  malleus  is  firmly 
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attached  to  it.  The  planes  of  the  two  tympana  con- 
verge anteriorly,  and  if  prolonged  would  meet  at  an 
angle  of  about  130".  The  tympanum  vibrates  to  and 
fro  as  a  whole  with  undulations  of  the  air,  and  its 
vibrations  are  communicated  directly  to  the  ossicula 
audit  us,  which  not  only  conduct  the  vibration  to  the 
labyrinth,  but  act  as  dampers,  and  prevent  after- 
impressions  to  a  very  material  extent.  The  membrana 
tympani  has  no  fundamental  note  of  its  own,  but 
vibrates  with  nearly  equal  readiness  to  notes  of  very 
different  pitch. 

The  ossicula.  — These,  consisting  of  the  malleus, 
incus,  and  stapes,  conduct  the  vibrations  of  the  air 
from  the  membrana  tympani  to  the  labyrinth,  through 
the  foot  of  the  stapes,  which  closes  the  foramen  ovale. 

The  handle  of  the  malleus  penetrates  between  the 
lamell98  of  the  membrana  tympani  as  far  as  to  the 
umbo,  and  is  connected  by  means  of  a  neck  with  the 
rounded  caput ;  the  neck  is  embraced  by  a  ligament 
named  by  Helmholtz  the  axis  ligament,  which  is 
attached  to  a  process  of  bone  on  the  outer  wall  of 
the  tympanic  cavity,  and  forms  the  axis  around 
which  the  malleus  can  swing  to  and  fro..  The  head 
of  the  malleus  articulates  by  a  convex  surface  with 
the  concave  articulating  surface  of  the  mcus,  and  the 
incus  presents  two  processes,  of  which  the  longer  one 
articulates  with  the  little  process  at  the  apex  of  the 
arch  of  the  stapes.  The  foot-piece  of  the  stapes  fits 
into  the  foramen  ovale,  and  closes  it,  occluding  the 
communication  between  the  tympanic  cavity  and  the 
labyrinth.  A  superior  ligament  limits  the  move- 
ments of  the  malleus  and  incus  outwards,  and  prevents 
the  foot  of  the  stapes  from  being  drawn  out  of  its 
frame  ;  and  a  ligament  also  connects  the  short  process 
of  the  incus  to  the  posterior  wall  of  the  tympanum. 

When,  in  consequence  of  a  sound  wave  impinging 
upon  the  membrana  tympani,  it  is  driven  inwards,  as 
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indicated  by  the  lowermost  arrow  (Fig.  50),  the  handle 
of  the  malleus  moves  with  it ;  but  as  the  malleus  rotates 
on  the  axis  ligament  the  head  will  move  in  the  opposite 
direction,  and  with  it  the  closely  articulated  incus. 
The  long  process  of  the  latter  bone  will,  on  the  other 
hand,  like  the  handle  of  the  malleus,  move  inwards, 
and   consequently  press 


the  foot  of  the  stapes  into 
the  fenestra  ovalis.  There 
is  a  special  arrangement 
of  small  spurs  of  bone  at 
the  malleo-incudal  joint, 
which,  whilst  it  compels 
the  incus  to  move  with 
the  head  of  the  malleus 
outwards,  yet,  if  the  mem- 
brana  tympani  with  the 
handle  of  the  malleus  is 
by  any  means  pressed  out- 
wards, it  unlocks,  per- 
mitting the  articular  sur- 
faces of  the  malleus  and 
incus  to  separate,  and  pre- 
venting the  stapes  from 
being  dragged  from  the 
fenestra  ovalis.  The  ossi- 
cula constitute  a  lever 
with  two  arms  of  unequal  length,  the  longer  being  the 
handle  of  the  malleus,  the  shorter  the  head  of  the 
malleus,  with  its  appendages,  the  incus  and  stapes. 
The  length  of  the  handle  of  the  malleus  to  the  axis 
ligament  is  about  one  and  a  half  times  greater  than 
that  of  the  rest  of  the  malleus  ;  the  latter,  therefore, 
will  only  make  an  excursion  of  about  two-thirds  the 
extent  of  the  movement  of  the  handle  and  membrana 
tympani.  On  the  other  hand,  the  force  which  the  head 
of  the  malleus,  with  the  incus  and  stapes,  exei'ts  is 


Fig.  50,— Meohanism  of  the  Ossi- 
cula Audittls. 
M, Malleus; I, incus  ;  s,  stapes;  a,  axial 
ligament. 
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inversely  about  one  and  a  half  times  greater  than  that 
of  the  handle  of  the  malleus.  Since,  further,  the 
membrana  tympani  is  about  twenty  times  larger  than 
the  membrane  of  the  fenestra  ovalis,  and  the  force  of 
the  vibration  of  the  membrana  tympani  is  therefore 
concentrated  upon  a  twenty  times  smaller  membrane, 
the  excursion  of  the  membrana  tympani,  due  to  the 
movement  of  the  ossicula,  is  converted  into  a  move- 
ment of  the  membrane  of  the  fenestra  ovalis  of  much 
smaller  amplitude,  but  of  \\  x  20  or  30  times  greater 
force.  The  vibrations  of  the  air  striking  the  mem- 
brana tympani,  which  have  great  amplitude  but  little 
force,  are  consequently  converted  by  the  lever  system 
of  the  ossicula  into  a  movement  of  small  amplitude 
but  considerable  force,  and  therefore  conduct  the 
movement  as  perfectly  as  possible  to  the  fluid  of  the 
labyrinth.  By  means  of  the  ossicula  the  muscles  of 
the  tympanum  are  able  to  modify  the  tension  of  the 
membrana  tympani.  The  extent  of  movement  im- 
pressed on  the  foot  of  the  stapes  by  vibrations  of 
the  membrana  tympani  is  very  small,  and  has  been 
estimated  at  0*07  mm.  The  tensor  tympani  muscle 
stretches  the  membrana  tympani  by  pulling  the 
malleus  inwards,  and  renders  it  capable  of  vibrating 
with  acuter  sounds. 

The  £ustacliiaii  tube.— The  Eustachian  tube 
permits  the  air  in  the  tympanic  cavity  to  be  renewed, 
and  the  secretion  of  its  mucous  membrane  to  escape. 
The  aperture  of  the  tube  is  usually  closed,  but  it  is 
opened  at  the  moment  of  swallowing,  by  the  action  of 
the  fibres  of  the  dilatator  tuhce. 

Functions  of  tlie  semicircular  canals.— 
These  canals  partly  supply  information  in  regard  to  the 
direction  of  sounds  and  partly  aid  in  maintaining  the 
equipoise  of  the  body.  Their  division  does  not  appear 
to  interfere  materially  with  the  perception  of  sounds, 
but  induces  very  peculiar  movements  either  of  the 
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head  alone,  or  of  the  head  and  body.  Thus,  section  of 
the  horizontal  canal  in  a  pigeon  causes  it  to  turn  its 
head  alternately  to  right  and  left  for  months  together. 
Lesion  of  the  posterior  vertical  canal  occasions  nodding 
movements,  so  that  the  animals  often  fall  either 
backwards  or  forwards.  Lesion  of  the  superior  an- 
terior canal  also  leads  to  vertical  movements  of  the 
head ;  and  it  is  believed  by  some  that  the  position 
of  the  head  is  recognised  by  the  pressure  exerted  by 
the  endolymph  upon  one  or  other  of  the  ampullae.  It 
will  be  observed  that  the  three  semicircular  canals 
correspond  to  the  three  sides  of  a  cube,  and  that 
consequently  in  whichever  direction  sounds  are  pro- 
pagated to  the  ear,  they  will  affect  one  of  the  canals 
more  readily  than  the  others. 

Function  of  the  labyrintli. — The  peculiar 
arrangement  of  the  arches  of  Corti  naturally  led  to  the 
supposition  that  they  acted  like  the  successive  wires 
of  a  piano,  and  vibrated  in  unison  with  the  sounds 
affecting  them  from  without ;  and  it  is  only  necessary 
to  imagine  that  each  arch  is  in  connection  with  a 
nerve  fibre,  which  is  excited  by  its  vibration,  in  order 
to  understand  how  sounds  of  various  pitch,  intensity, 
and  timbre  come  to  be  recognised.  But  since  the 
arches  of  Corti  are  absent  in  birds,  which  must  un- 
doubtedly have  very  clear  perceptions  of  musical 
sound,  some  other  part  must  be  looked  for  as  fulfilling 
this  function ;  and  those  which  seem  most  likely  are 
either  the  radial  fibres  of  the  membrana  basilaris,  on 
which  the  organ  of  Corti  rests,  and  which  are  shortest 
in  the  first  turn  of  the  cochlea,  and  become  longer 
towards  the  cupola,  or  the  hairs  of  the  hair-cells,  which 
are  known  to  be  of  different  length. 

Sounds  are  divisible  into  musical  and  non- 
musical.  Musical  sounds  result  from  aerial  undula- 
tions, which  reach  the  ear  in  a  certain  order  and 
regularity.    Non-musical  sounds,  or  noises,  consist  of 
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undulations  which  have  no  periodic  relation  to  each 
other,  and  reach  the  ear  irregularly.  The  undulations 
strike  the  drum  of  the  ear,  are  conducted  chiefly  by 
the  chain  of  bones,  but  partly  by  the  air  contained  in 
the  tympanum,  to  the  vestibule,  semicircular  canals, 
and  cochlea,  and  are  supposed  to  set  the  auditory 
hairs  into  vibration.  Their  vibration  excites  the 
extremities  of  the  auditory  nerve,  and  the  impression 
being  conducted  to  the  auditory  centre,  produces  there 
the  sensation  of  sound. 

The  interval  of  two  noteis. — This  may  be  ex- 
pressed by  a  fraction,  representing  the  proportion 
the  vibrations  producing  the  two  notes  bear  to  each 
other.  Thus,  if  one  note  is  caused  by  300  vibrations 
per  second  and  another  by  200,  the  proportion  of  the 
two  is  or  f .  Certain  intervals  are  represented 
by  comparatively  simple  ratios  ;  and  these  the  ear 
receives  most  readily,  and  are  the  most  agreeable  to 
it.  They  are  those  which  are  ordinarily  emitted  by 
the  human  voice.  The  simplest  proportion  is  that 
termed  the  octave,  in  which  the  ratio  is  \.  The 
higher  note  is  here  produced  by  double  the  number 
of  vibrations  by  which  the  lower  note  is  formed. 
The  following  table  gives  the  relations  of  the  chief 
simple  intervals  which  are  less  than  an  octave. 


Intervals, 


Ratio, 


Number  of  Vibra- 
tions of  tbe  Higher 
Note. 


Number  of  Vibra- 
tions of  tbe  Lower 
Note. 


Fifth 


Fourth  . 
Major  third 
Minor  third 
Minor  sixth 
Major  sixth 


2  :  3 

3  :  4 

4  :  5 

5  :  6 
5  :  8 
3  3  5 


3 
4 
5 
6 
8 
5 


2 
3 
4 
5 
5 
8 


The  gamut  is  produced  by  preserving  the  more 
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simple  intervals,  as  the  fifth,  fourth,  and  third,  and 
intercalating  in  the  intervals  of  an  octave  a  series  of 
notes  separated  from  each  other  by  definite  intervals. 
The  notes  of  the  gamut  are  seven  in  number,  and  their 
vibrations  bear  the  following  ratio  to  the  vibrations 
of  the  fundamental  note,  or  tonic  do, 

do         re         mi         fa         sol        la         si  do 

1  9  5.  *.  3.  5.  i_5  9 

•^843238'^ 

This  is  called  the  major  gamut. 

The  minor  gamut  is  also  composed  of  seven  notes, 
but  in  these  the  ratios  of  the  vibrations  between 
themselves  and  to  each  other  differ  from  those  of  the 
major  gamut.    They  are  as  follows  : — 

do         re         mi^       fa         sol         la^        si?  do 

1  ©.  6.  4.  3.  8.  9.  O 

^  8  5  3  a  5  5  ^ 

There  are  other  forms  of  the  minor  gamut,  but 
this  is  the  earliest  and  perhaps  the  most  important  of 
them. 

The  tonic  of  the  gamut,  whether  major  or  minor, 
may  be  placed  on  any  note  indifferently,  but  the  ratio 
of  the  vibrations  in  the  successive  notes  in  the  major 
and  minor  keys  do  not  correspond. 

Dissonance.  Beats. — As  long  as  sounds  have 
a  certain  simple  relation  to  each  other,  so  that  one  is 
to  the  other  as  1  :  2,  1  :  3,  1  :  4,  and  the  higher  note 
makes  two,  three,  or  four  vibrations  to  each  vibration 
of  the  lower  note,  harmony  results  ;  but  if  the  relation 
of  the  higher  note  to  the  lower  is  not  in  the  ratio  of 
the  multiple  to  the  single,  interferences  must  occur, 
and  dissonance  result.  Thus,  if  one  sound  is  produced 
by  33  vibrations  per  second  and  another  by  34,  the 
waves  of  the  one  must  advance  upon  those  of  the 
other,  till  the  crest  of  one  undulation  is  exactly 
opposite  to  the  depression  of  another.  A  distinct 
beat  is  then  heard,  which  in  this  case  would  occur 
once  in  the  second,  and  would  recur  at  regular  intervals 
of  a  second.    Such  isolated  beats  are  frequently  heard, 
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and  are  distressing  to  a  musical  ear ;  but  if  the 
difference  be  greater,  the  beats  of  course  recur  with 
greater  frequency,  and  dissonance  is  produced  of  so 
marked  a  character  as  to  be  perceptible  to  the  most 
unmusical  person. 

Pitch  of  a  sound. — The  pitch  of  a  sound  de- 
pends on  the  number  of  vibrations  in  a  given  time. 
The  greater  the  number  of  vibrations,  the  higher  is 
the  pitch.  The  perception  of  notes  of  successively- 
higher  pitch  by  the  ear  corresponds  therefore  with  the 
perception  of  the  succession  of  colours  by  the  retina ; 
the  difference  between  them  lies  in  the  rapidity  of 
the  vibrations,  which  in  the  case  of  light  are  counted 
by  millions  of  millions,  whilst  in  the  case  of  sound 
they  are  at  most  only  a  few  thousand  in  the  second. 
The  greatest  number  of  sonorous  vibrations  that  can 
be  perceived  is  rather  less  than  41,000  per  second, 
though  few  can  hear  sounds  produced  by  more  than 
35,000  per  second ;  the  lowest  that  will  give  the 
sensation  of  a  musical  sound  is  about  16.  Above  the 
former  number,  no  sound  is  perceived ;  below  the 
latter,  only  a  succession  of  beats,  or  puffs,  when  the 
instrument  used  is  a  wind  instrument.  A  whistle 
has  been  constructed  which  by  being  rendered 
shorter  can  be  made  to  yield  shriller  and  shriller 
notes.  If  such  a  whistle  be  sounded  in  a  mixed 
audience,  it  will  be  found  that  as  the  note  is  made 
sharper  the  ears  of  a  certain  number  of  persons 
become  incapable  of  responding  to  the  vibrations,  and 
they  are  perfectly  deaf  to  them ;  whilst  others  are 
still  capable  of  distinctly  recognising  them.  Con- 
traction of  the  tensor  tympani  muscle  enables  sounds 
of  about  4,000  vibrations  higher  than  normal  to  be 
perceived.  In  the  same  way,  the  cry  of  the  bat,  the 
squeak  of  the  mouse,  or  the  sound  made  by  the 
cricket,  are  inaudible  to  many  who  have  otherwise 
fairly   good   ears.      Fineness   of  hearing,    or  the 


Chap.  XVI.]        Auditory  Sensations. 


447 


possession  of  a  "good  ear/'  signifies  that  minute 
differences  in  the  pitch  of  two  notes,  produced  by  a 
nearly  equal  number  of  vibrations,  can  be  perceived. 

Timbre  of  a  note. — The  timbre  of  a  note  is  the 
peculiar  difference  which  enables  even  an  ordinary 
ear  to  say  whether  a  particular  note  is  produced  by  a 
piano,  a  violin,  a  flute,  or  an  organ.  It  depends  on 
the  number  and  nature  of  the  harmonics  which  ac- 
company nearly  all  musical  sounds,  and  which  may  be 
rendered  evident,  either  by  resonators,  which  are 
large  hollow  vessels  that  respond  to  particular  notes 
strongly,  and  less  or  not  at  all  to  all  others ;  or  by 
examining  the  vibrations  of  a  series  of  stretched  cords 
in  the  neighbourhood  of  the  note  the  timbre  of  which 
is  required  to  be  determined.  Thus,  if  the  wires  of  a 
piano  are  carefully  examined  whilst  any  particular 
note  is  sung  by  the  human  voice,  or  elicited  by  the 
bow  from  a  violin,  it  will  be  found  that  not  only  the 
wire  that  is  in  unison  with  the  note  sung  or  played 
vibrates,  but  that  several  other  wires  are  also  thrown 
into  vibration.  These  are  harmonics  or  partial  tones, 
thirds  and  fifths,  which  respond  to  corresponding 
vibrations  in  the  vocal  cords  or  in  the  cords  of  the 
violin,  and  it  is  the  existence  of  these  harmonics, 
overtones,  or  partial  tones,  that  enables  the  difference 
between  two  instruments  or  their  timbre,  to  be 
recognised. 

Duration  of  the  auditory  sensations. — It 

has  been  ascertained  by  experiment  that  the  human 
ear  is  capable  of  recognising  as  distinct  beats  133 
beats  in  a  second,  but  beyond  this  number  the 
successive  impulses  fuse  into  one,  and  the  sound 
becomes  continuous.  Occasionally  after-sounds  are 
perceived,  but  as  a  rule  the  persistence  of  the  indi- 
vidual sounds  is  very  short.  The  recognition  of 
differences  between  two  notes  varies  greatly  in 
different  persons.    Thus,  some  are  scarcely  disturbed 
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by  a  sound  which  is  half  a  note  flat  or  sharp,  whilst 
to  others  the  difference  produces  a  sensation  that  is 
akin  to  pain ;  and  it  is  said  that  practised  musicians 
will  distinguish  between  notes  the  difference  of  which 
is  not  greater  than  1  in  1,000.  The  A  of  musicians 
in  Germany  has  440  vibrations  per  second ;  in  France, 
435. 

VOICE  AND  SPEECH. 

Voice  or  vocal  sounds  are  produced  by  most 
mammals.  Speech  is  peculiar  to  man.  Voice  is 
produced  by  the  vibrations  of  the  inferior  vocal 
cords.  Speech  consists  of  the  same  vibrations,  with 
modifications  induced  by  varying  size  of  the  oral 
cavity,  and  varying  position  of  the  tongue  and  lips. 

The  glottis  is  the  opening  between  the  vocal 
cords.  During  ordinary  respiration,  and  when  no 
sounds  are  emitted,  it  is  of  triangular  form,  the  apex 
being  in  front,  and  the  base  behind.  The  margins 
are  formed  by  the  chordm  vocales^  or  thyro-arytenoid 
ligaments.  These  are  composed  of  extremely  fine  and 
delicate  fibres  of  pure  elastic  tissue,  connected  on 
their  outer  surface  with  the  thyro-arytenoid  muscle. 
As  soon  as  a  vocal  sound  is  required  to  be  produced 
the  chords  are,  by  muscular  action,  rendered 
moderately  tense,  and  their  edges  are  brought  into 
perfect  parallelism.  The  passage  of  air  through 
them  with  a  certain  degree  of  force,  greater  than  that 
of  ordinary  expiration,  throws  them  into  vibration 
and  produces  notes  of  various  pitch  and  intensity, 
which  may  even  be  imitated  in  the  dead  subject  by 
appropriate  arrangements  for  driving  air  through 
them.  The  tighter  the  cords,  the  higher  is  the 
pitch  of  the  note  ;  the  more  slack  the  cords,  the  lower 
is  the  pitch.  The  vocal  cords  are  stretched  by  the 
depression  of  the  thyroid  cartilage  on  the  cricoid, 
through  the  agency  of  the  crico-thyroid  muscle  ;  they 
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are  relaxed  by  the  thyro-arytenoid  muscles.  The 
fissure  of  the  glottis  is  widened  posteriorly  by  the 
rotation  outwards  of  the  arytenoid  cartilages  caused 
by  the  crico-arytenoidei  postici.  It  is  narrowed  by 
the  simultaneous  action  of  the  crico-arytenoidei 
laterales,  which  rotate  the  arytenoid  cartilages 
inwards  anteriorly  and  by  the  arytenoid  muscles 
posteriorly.  The  nerves  implicated  in  the  acts  of 
vocalisation  are  the  superior  and  inferior  laryngeals. 
The  former  is  the  sensory,  the  latter  the  motor  nerve. 
Lesion  of  the  inferior  laryngeal  causes  loss  of  voice 
from  inability  to  bring  the  vocal  cords  into  parallelism. 

The  org^ans  of  voice  and  speech. — Potter 
gives  the  following  classification  : 


f  Motor 


Generating  sound  ( 


I  Vibratile. 


1 Muscles  of  re- 
spiration. 
Thorax. 
Lungs. 
Bronchi. 
Trachea. 
S  Larynx. 
\  Vocal  chords. 


Diaphragm. 
Intercostals. 
Levators  of  ribs. 
Scaleni. 

Extraordinary. 
Serrati  magni. 
Latiss.  dorsi. 
Pectorals. 


Modifying  solind 


Resonant 
(vowel  forming) 


Articulating 
(consonant  forming) 


Vestibule  of  larynx. 
Ventricles  of  larynx. 
Pharynx. 
Oral  cavity. 
}  Nasal  cavity. 
Frontal  sinus. 
Sphenoidal  sinus. 
Epiglottis. 
Velum  palati. 
Inferior  maxilla. 

{ Tongue, 
j  Lips. 

-  Velum  palati. 
Teeth. 

Inferior  maxilla. 
Compass  of  the  voice. — The  ordinary  com- 
pass of  the  voice  includes  about  four  octaves,  viz. 
D  D — 5 
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Q/r/  ^=-==  lowest  note 

^==E   being  produced  by 

80  vibrations  per  second;  the  highest  by  1,024. 
Individual  voices  are  stated  by  Potter*  to  have  de- 


scended  to 


3^  while  Catalani  sang  G'" 


and  Aguiari  is  said  by  Mozart  to  have  risen  to 


The  compass  and  classification  of  ordinary  voices 
are  thus  given  by  the'  same  authority  : 


Falsetto  voice.— This  is  a  different  and  a  higher 
register  than  the  ordinary  or  chest  voice.  The 
aperture  of  the  glottis  is  wider,  and  the  superior 
vocal  cords  are  more  widely  separated  from  each  other, 
than  in  the  production  of  the  ordinary  voice.  It  is 
believed  to  be  produced  by  the  vibration  of  the  edges 
only  of  the  vocal  cords,  whilst  these  are  in  a  state  of 

*  "  Speech  and  its  Defects/'    Lea  Prize  Thesis.  1882. 
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greater  tension  than  in  chest  notes.  A  falsetto  note 
cannot  be  sustained  as  long  as  a  chest  note  of  the  same 
pitch. 

Vowel  soiincls;— Yowels  are  continuous  voice 
sounds  produced  in  the  larynx,  but  the  overtones  of 
which  are  modified  by  the  different  forms  assumed  by 
the  oral  cavity.  If  the  trachea  is  opened,  voice  ceases. 
The  buccal  cavity  either  forms  a  cavity  of  equal 
diameter  throughout,  or  enlarges  its  anterior  segment 
whilst  it  contracts  the  posterior.  The  former  occurs 
with  the  vowels  A  (broad),  o,  and  u  ;  the  latter  for  A 
short,  E  and  I.  The  buccal  cavity  is  of  maximum  size 
in  pronouncing  the  vowel  A,  and  is  smallest  with  u. 
For  all  the  vowels  the  orifices  of  the  nasal  cavities  ate 
closed  by  the  elevation  of  the  velum  palati,  without 
which  nasal  sounds  would  be  produced  (Budge). 

Consonants. — Consonants  are  produced  by  the 
emission  of  short  puflfs  of  air,  which  are  thrown  into 
vibrations  as  they  traverse  the  narrowed  air  passages* 
Simple  expiration  reinforced  by  the  mouth  produces 
A,  or  when  the  lips  are  closed,  and  the  current  of  air 
directed  through  the  nose,  m  or  7t.  In  the  case  of  the 
majority  of  consonants  the  opening  for  the  passage  of 
air  is  at  first  closed,  then  suddenly  opened.  Thus,  the 
explosive  consonants,  h  and  p,  are  formed  by  the  sudden 
opening  of  the  lips ;  d  and  t  by  the  sudden  separation 
of  the  tongue  from  the  palate  or  teeth ;  g  and  k  by 
the  separation  of  the  tongue  from  the  posterior  part  of 
the  palate.  Simple  contraction  and  closure  of  the  lips 
take  place  for  f  and  v ;  of  the  tongue  for  s  and  I  j 
and  of  the  palate  for  ch,  and  s  pronounced  in  German, 
and  t.  Consonants  produced  by  approximating  the 
lips  to  each  other  or  to  the  teeth  are  termed  labials  ; 
those  formed  by  approximating  the  tip  of  the  tongue 
to  the  teeth  or  to  the  hard  palate  are  dentals,  or 
palatals  ;  and  those  produced  by  approximating  the 
root  of  the  tongue  to  the  soft  palate  are  gutturals. 
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Potter  gives  the  following  tabular  arrangement  of 
the  consonants  according  to  their  acoustic  relation  : 


Labials. 

Dentals. 

Gutturals. 

Explosives 
Aspirates 

P,B 

T,  D 

F  V 

S,Z,L,  Sh,  J,  Th  (hard  &  soft) 

Ch,Y  (initial) 

Kesonants 

M 

N 

Ng 

Yibratives 

R 

R 

Whispering  consists  in  the  movements  required 
for  articulate  speech  being  effected  whilst  the  vocal 
cords  are  not  thrown  into  vibration. 

Sense  of  touch. — The  cutaneous  nerves  terminate 
in  the  skin,  partly  by  free  extremities,  and  partly  in 
special  organs,  termed  tactile  corpuscles  and  Pacinian 
corpuscles.  Several  different  sensations  are  perceived  by 
the  skin.  There  are  sensations  of  touch,  of  pain,  of  space 
position,  of  pressure,  of  tickling,  of  temperature,  and 
of  muscular  effort.  Whether  each  of  these  has  its  own 
special  nerve- end  apparatus,  and  its  own  channel  of 
communication  with  the  central  nervous  system,  is 
still  undetermined.  The  sensations  of  touch  proper, 
or  tactile  sensations,  are  only  perceived  by  the  skin 
and  the  mucous  membranes  near  their  orifices.  No 
tactile  sensations  are  aroused  by  the  passage  of  ordinary 
bodies  along  the  intestinal  canal,  or  along  any  of  the 
ducts  connected  with  it ;  or  if  any  are  excited,  they  are 
sensations  of  pain.  All  tactile  sensations  are  most 
distinctly  felt  when  they  affect  the  periphery  of  the 
nerves;  and  in  order  that  any  kind  of  sensation  should 
be  felt,  it  is  necessary  that  the  stimulus  should  be 
suddenly  increased  in  intensity,  and  not  increased 
slowly  or  gradually.  There  must  also  be  a  free  circu- 
lation through  the  part.  The  action  of  cold  in 
numbing  a  part  is  well  known. 
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Sense  of  space.— The  most  sensitive  part  of  the 
body  is  the  tip  of  the  tongue,  which  is  capable  of  dis- 
tinguishing that  the  points  of  a  pair  of  compasses  are 
separated  when  there  is  only  an  interval  of  1*1  mm., 
or  2^^^  inch,  between  them.    The  tip  of  the 

third  phalanx  of  the  fingers  is  nearly  as  sensitive.  The 
skin  of  the  lips  distinguishes  the  two  points  when  they 
are  only  about  4  mm.  apart;  the  middle  of  the  dorsum 
linguae  and  the  skin  of  the  metacarpus  of  the  thumb, 
when  they  are  about  8  mm.  apart ;  the  skin  over  the 
malar  bone,  when  they  are  about  20  mm.  apart.  The 
least  sensitive  parts  are  the. lower  part  of  the  back, 
and  the  outer  part  of  the  thigh,  where  the  points  of 
the  compasses  may  be  applied  at  a  distance  from  each 
other  of  2\  inches,  and  yet  not  be  certainly  differen- 
tiated as  two.  An  instrument  termed  an  cesthesiometer 
has  been  devised,  in  which  the  distance  between  two 
points  can  be  accurately  noted,  and  by  means  of 
which  the  relative  acuteness  of  sensibility  of  different 
parts  of  the  skin  in  any  case  can  be  readily  ascertained. 
The  simultaneous  but  unusual  excitation  of  two  parts 
of  the  skin  by  any  object  gives  the  impression  of  the 
presence  of  two  bodies,  as  in  the  experiment  of  Aristotle, 
in  which  a  marble  is  touched  by  the  outer  side  of  the 
second  and  the  inner  side  of  the  first  finger  when  these 
fingers  are  crossed,  which  gives  the  impression  of  two 
marbles.  In  experimenting  on  the  sensibility  of  the 
skin  for  all  varieties  of  sensation,  it  should  be  remem- 
bered that  great  improvement  takes  place  after  short 
practice,  and  that  experiments  should  be  repeated 
many  times  before  any  trustworthy  conclusions  can 
be  drawn.  Those  who  are  blind,  and  who  have 
therefore  to  depend  largely  on  the  sense  of  touch  for 
guidance,  acquire  extraordinarily  delicate  and  accurate 
powers  of  perception  with  the  fingers,  difference  of 
form,  size,  character  of  surface,  consistence,  tempera- 
ture, and  other  characters,  being  readily  recognised 
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that  are  quite  inappreciable  to  those  who  possess  good 
vision,  without  special  education.  Tactile  sensibility 
is  most  acute  at  temperatures  near  that  of  the  normal 
temperature,  38*6°  0.  The  greater  the  common  sensi- 
bility of  any  part,  the  more  rapidly  may  a  succession 
of  shocks  or  pulsations  succeed  each  other,  and  still 
be  distinguished  as  separate  impulses.  On  the  points 
of  the  fingers,  1,500  shocks  per  second  can  be  dis- 
tinguished, and  on  the  tip  of  the  tongue  even  10,000 
shocks  per  second  still  produce  a  vibratory  sensation. 

Sense  of  pressure.— By  this  special  form  of 
tactile  sensibility  we  recognise  the  degree  of  resistance 
presented  by  different  bodies.  Its  acuteness  is  ascer- 
tained by  placing  weights  of  the  same  size  but  of 
different  amounts  on  the  skin  of  various  parts  of  the 
body,  and  endeavouring  to  estimate  them.  The  parts 
which  perceive  the  sense  of  touch  most  acutely  are 
generally  also  those  which  have  the  keenest  sense  of 
pressure,  but  not  always.  The  smallest  weight  which 
can  be  perceived  is  0*002  gramme,  which  is  recognised 
by  the  skin  of  the  forehead,  the  temples,  the  back  of 
the  head,  and  the  fore-arm.  The  pulp  of  the  fingers 
can  perceive  a  weight  of  0'005  to  0*015  gramme  ;  the 
chin,  nose,  and  belly,  0'04  to  0*05  gramme;  and  the 
finger-nail,  1  gramme.  The  points  of  the  fingers 
can  distinguish  that  one  weight  is  heavier  than 
another  when  the  proportion  between  the  two  is 
as  29  :  30,  providing  they  are  not  very  light  or  very 
heavy.  Experiments  have  been  made  to  determine 
what  additional  weight  must  be  added  to  one  gramme 
in  order  that  it  should  be  perceived,  and  it  has  been 
found  that  on  the  third  phalanx  of  the  fingers  the 
addition  of  0*499  gramme  to  1  gramme  is  perceived. 
On  the  lower  leg  a  whole  gramme  must  be  added, 
and  on  the  back  no  less  than  3*8  grammes.  The  judg- 
ment is  materially  influenced  by  the  length  of  time 
that  is  allowed  to  elapse  between  the  trials,  and  no 
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trustworthy  conclusions  are  drawn  when  a  little  more 
than  a  minute  and  a  half  has  elapsed.  Considerable 
pressure  may  be  exerted  without  its  being  perceived, 
if  it  be  uniform.  Thus,  when  the  hand  is  plunged 
into  mercury,  the  increased  pressure  is  only  felt  at  the 
line  corresponding  with  the  surface  of  the  fluid. 

Senise  of  temperature. — The  sensations  of  heat 
and  of  cold  are  relative,  and  dependent  upon  the 
temperature  of  the  part  of  the  body  exposed.  This 
may  easily  be  shown  by  dipping  one  hand  into  hot 
water,  the  other  into  cold,  and  then  both  together 
into  water  of  medium  temperature.  This  will  feel  hot 
to  the  one  hand,  and  cold  to  the  other.  The  fingers 
are  capable  of  perceiving  differences  in  temperature 
of  about  0'2°O.  It  is  much  more  easy  to  perceive 
slight  differences  of  temperature  when  a  large  surface 
of  the  skin  is  exposed  to  them  than  when  only  a 
finger  or  limited  surface  is  acted  on.  The  left  hand 
is  more  sensitive  than  the  right.  Temperatures  near 
those  of  freezing  water  and  of  50°  C.  usually  pro- 
duce pain,  but  custom,  as  in  other  cases,  enables  both 
low  and  high  temperatures  to  be  borne  with  impunity 
that  are  in  ordinary  circumstances  quite  unbear- 
able. The  skin,  when  deprived  of  the  epidermis, 
appears  to  be  incapable  of  perceiving  variations  of 
temperature,  both  heat  and  cold  causing  the  sensation 
of  pain.  The  sensitiveness  of  the  mucous  membranes 
for  variations  of  temperature  is  very  dull,  the  in- 
gestion of  a  tumbler  of  cold  water  into  the  stomach,  or 
the  injection  of  cold  water  into  the  rectum,  scarcely 
giving  the  sensation  of  cold,  or  producing  it  only  by 
withdrawing  heat  from  the  adjoining  skin. 

Pain. — Pain  results  from  excessive  stimulation  of 
any  sensory  nerve,  and  may  be  excited  by  the  violent 
application  of  all  forms  of  stimuli,  whether  mechanical, 
chemical,  thermic,  electrical,  or  may  be  due  to  some 
alteration  in  the  body  itself,  such  as  inflammation. 
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Some  nerves  are  much  more  acutely  sensitive  to  pain 
than  others.  The  fifth  nerve  stands  pre-eminent  in 
this  respect,  and  acute  neuralgia  of  the  several 
branches  of  this  nerve  almost  paralyses  the  sufferer, 
every  movement  being  inhibited  lest  it  should  in- 
tensify the  pang.  The  splanchnics  are  also  highly 
sensitive  nerves.  The  organs  which,  when  inflamed, 
give  rise  to  the  most  intense  pain  are  those  which  are 
well  supplied  with  nerves,  and  which  have  a  dense, 
unyielding,  fibrous  investment,  examples  of  which  are 
found  in  the  testes,  in  the  ovary,  and  in  the  eye. 
Pain  can  be  excited  by  violent  stimulation  of  a  nerve 
in  any  part  of  its  course,  but  it  is  often  referred  to  its 
peripheral  extremity.  Remarkable  examples  of  this 
are  found  in  cases  of  amputation,  in  which  irritation 
of  a  nerve  at  the  line  of  section  is  referred  to  the 
distal  part  of  the  limb  which  has  been  removed. 

Muiscular  sensibility. — The  muscles,  though 
they  are  not  very  sensitive  organs  to  ordinary  stimuli, 
yet,  when  contracted  spasmodically,  occasion  severe 
pain.  They  ache  when  fatigued,  and  pain  is  felt 
when  they  are  contused  or  cut.  They  also  possess  a 
certain  sensibility,  which  enables  us  to  tell  not  only 
whether  they  are  in  contraction,  but  to  what  degree 
they  are  contracted,  and  this  has  been  distinguished  as 
the  ^'  muscular  sense  "  proper.  Experiment  seems  to 
show  that  the  acuteness  of  the  muscular  sense  for  the 
amount  of  exertion  made  is  greater  than  that  of  the 
sense  of  pressure  or  resistance  possessed  by  the  skin, 
for,  whereas  the  skin,  as  we  shall  see,  can  only  dis- 
tinguish between  weights  diflfering  from  each  other  in 
the  proportion  of  29  :  30,  weights  can  be  recognised  as 
different  when  weighed  in  the  hands  which  do  not 
differ  more  than  39  : 40.  Experiments  of  this  kind 
can  be  best  made  by  concealing  the  weights  to  be 
estimated  in  small  bags,  and  endeavouring  to  form  a 
correct  judgment  as  to  their  respective  weights.  The 
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muscular  sense  affords  indications  (1)  of  the  energy  of 
contraction  of  the  muscle,  (2)  of  the  extent  of  contrac- 
tion, (3)  of  the  rapidity  of  the  movement,  (4)of  the  dura- 
tion of  movement,  and,  lastly,  (5)  of  the  position  of  the 
limbs  and  of  the  body.  By  some  observers  it  is  main- 
tained that  the  occurrence  and  degree  of  contraction 
in  a  muscle  are  only  known  by  the  effort,  or  nervous 
expenditure,  put  forth  to  cause  the  muscle  to  contract ; 
whilst  others  think  we  only  become  aware  of  the 
contraction  of  a  muscle  by  the  cutaneous  or  tactile 
sensations  that  are  coincidently  excited.  In  accord- 
ance with  this,  the  heart  and  diaphragm,  which  only 
remotely  affect  the  skin,  have  very  feeble  muscular 
sense.  It  is,  however,  now  very  generally  admitted 
that  there  are  special  nerve  fibres  charged  with  the 
office  of  ministering  to  the  muscular  sense.  Section 
of  the  posterior  roots  of  the  nerves  supplying  the 
hind  limbs  in  dogs  produces  much  more  disturbance  in 
the  movements  of  the  animal  than  section  of  all  the 
cutaneous  nerves  supplying  the  same  limb. 

I§ense  of  taste. — The  faculty  of  taste  is  localised 
in  the  tongue,  especially  at  its  posterior  part,  and  in 
the  lower  part  of  the  velum  palati.  The  papillae  cir- 
cumvallatse  possess  special  organs  which  are  believed  to 
be  adapted  for  this  purpose.  (See  Klein's  "  Histology," 
p.  202.)  The  nerves  implicated  are  the  glosso- 
pharyngeal, which  is  the  proper  nerve  of  taste,  and 
supplies  the  posterior  part  and  sides  of  the  tongue 
with  the  circum vallate  papillae  ;  the  ptery go-palatine 
branches  of  the  fifth  pair,  which  supply  the  velum 
palati,  and  the  lingual  of  the  fifth,  which  is  distributed 
to  the  tip  of  the  tongue.  The  conditions  necessary  for 
the  exercise  of  the  sense,  are,  first,  that  the  object  to 
be  tasted  should  come  into  direct  contact  with  the  organ 
of  taste,  aud  consequently  sapid  substances  must  be  in 
solution  ;  secondly,  that  the  nerves  of  taste  should  be 
specifically  excited ;  lastly,  attention  and  judgment. 
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There  are  four  chief  varieties  of  savours  :  sweets, 
bitters,  acids,  and  salines.  Sapid  substances  are  more 
distinctly  perceived  and  distinguished  in  proportion  (1) 
to  the  extent  of  surface  to  which  the  substance  is  ap- 
plied, (2)  to  the  degree  of  concentration  of  the  sub- 
stance, (3)  to  the  duration  of  the  time  that  it  is 
applied,  (4)  to  the  degree  of  practice,  and  (5)  to  the 
approximation  of  the  temperature  to  the  normal  tem- 
perature of  the  body.  Wine  and  tea  tasters  take  a 
moderate  quantity  of  the  fluid  into  the  mouth,  and  roll 
it  over  the  tongue  and  cheeks  so  as  to  increase  the 
surface  to  which  it  is  applied.  Some  substances,  as 
quinine,  have  a  very  persistent  flavour,  and  it  has  been 
estimated  that  a  solution  of  common  salt  must  be 
twenty  times  as  strong  to  produce  the  same  vividness 
of  impression  as  quinine.  The  rapidity  with  which 
the  gustatory  impressions  of  difl*erent  substances  are 
perceived  varies.  Salt  is  tasted  most  quickly,  being 
perceived  0-17  sec.  after  its  application,  whilst  quinine 
requires  0*258  sees.,  and  sweets  and  acids  occupy  an 
intermediate  period.  Many  gustatory  sensations  are 
materially  assisted  by  the  sense  of  smell. 

The  sense  of  taste  can  be  aroused  or  abrogated  in 
quite  a  special  manner  by  some  vegetable  substances ; 
thus  the  Kola  nut  leaves  the  impression  of  white  wine 
and  sugar  on  the  palate ;  whilst  the  beans  of  Gym- 
nema  sylvestre  when  chewed  take  away  the  power  of 
distinguishing  between  sweet  and  bitter,  so  that  sugar 
tastes  like  sand  and  quinine  like  chalk,  whilst  the 
perception  of  other  flavours  is  unaffected. 

ISense  of  smell. — The  organ  of  smell  is  situated 
in  the  upper  part  of  the  nose ;  a  portion  of  the 
mucous  membrane  covering  the  upper  and  middle 
turbinals,  and  the  septum  nasi,  being  specially  modified 
for  this  purpose.  The  nature  of  odorous  emanations 
is  not  certainly  known.  They  may  consist  of  aerial 
undulations,  or  they  may  be  minute  particles  of  the 
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odorous  substance.  In  either  case  they  are  extremely 
delicate,  air  containing  only  a  millionth  part  of  hydro- 
gen sulphide  having  a  distinct  odour,  whilst  a  minute 
portion  of  musk  will  continue,  without  appreciable  loss 
of  weight,  to  render  its  presence  perceptible  in  a  large 
apartment  for  years.  Odorous  emanations  are  con- 
ducted to  the  nostrils  by  the  air ;  and  water  or  eau  de 
Cologne,  however  strongly  it  may  be  impregnated 
with  odorous  substances,  conveys  no  impression  of 
smell  when  made  to  fill  the  nostrils.  The  air  must 
also  be  in  motion,  and  to  effect  this  a  respiratory  effort 
is  made,  by  which  a  current  is  directed  towards  the 
upper  part  of  the  nasal  cavities.  The  olfactory  nerve 
is  the  nerve  of  smell,  and  through  it  we  perceive 
aromatic,  nauseating,  and  other  odours.  Attempts 
have  been  made  to  classify  odours,  without  success  ; 
but  after  section  of  the  olfactory  nerves  in  animals, 
and  in  cases  of  disease  in  man^  certain  stimulating 
odours  can  still  be  perceived  ;  and  the  retention  of 
this  power  must  be  attributed  to  the  sensibility  of  the 
mucous  membrane  generally,  which  is  supplied  by  the 
fifth  nerve.  In  order  that  distinct  perception  of  smell 
should  exist,  it  is  necessary  that  the  nasal  mucous 
membrane  should  be  moist.  The  use  of  the  sense  of 
smell  is,  to  guide  the  animal  in  the  selection  of  food, 
and  to  the  respiration  of  pure  air.  Foul  smells  are 
often,  though  not  always,  associated  with  unwholesome 
emanations. 
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CHAPTER  XYII 

GENERATION  AND  DEVELOPMENT. 

The  fact  that  any  animal  or  vegetable  substance, 
when  kept  moist  and  exposed  to  the  air  and  light, 
soon  begins  to  teem  with  life,  formerly  led  to  the 
belief  in  the  occurrence  of  spontaneous  generation, 
and  even  animals  so  highly  organised  as  flies  or  mice 
were  supposed  to  originate  without  parentage.  The 
application  of  more  exact  methods  of  observation  to 
physiology  has,  however,  shown  that  in  proportion  to 
the  perfection  of  the  means  by  which  the  decaying 
bodies  of  animals  or  plants  are  protected  from  the 
access  of  living  animals  or  their  ova  or  germs,  the 
appearance  of  new  life  becomes  more  and  more  rare, 
until  at  length,  when  they  are  totally  excluded, 
though  chemical  changes  may  take  place  which  result 
in  the  decomposition  of  the  body,  no  form  of  animal 
or  plant  life  can  be  discerned.  The  difficulty  of 
suggesting  any  mode  of  preventing  the  access  of 
germs  to  an  infusion  of  plant,  or  animal  tissue, 
satisfactory  to  an  opponent,  is,  however,  remarkably 
great,  and  attempts  have  even  recently  been  made  to 
demonstrate  the  appearance  of  life  without  the  exist- 
ence of  parents,  though  the  organisms  thus  believed 
to  be  produced  belong  to  the  simplest  forms  of  life 
with  which  we  are  acquainted.  If  an  infusion  of  hay, 
turnip,  carrot,  muscle,  nerve,  or  skin  be  enclosed  in  a 
tightly  stoppered  vessel,  and  exposed  to  the  warmth  and 
light  of  the  sun,  it  is  found  in  a  day  or  two  to  swarm 
with  minute,  and  indeed  microscopic,  beings — monads, 
infusoria,  microspores  ;  and  it  is  easy  to  suggest  that 
the  circumambient  air  contains  enormous  numbers 
of  spores,  which,  though  invisible  even  to  microscopic 
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investigation,  may  yet  be  capable  of  producing  new 
life.  The  reply  that  has  been  made  to  this,  which 
appears  at  first  sight  satisfactory,  is,  that  such  infusions 
may  be  placed  in  vessels  with  long  necks,  and  made 
to  boil,  which  may  reasonably  be  supposed  to  kill  all 
germs,  and  that  whilst  boiling,  the  neck  may  be 
hermetically  closed  by  fusion  of  the  glass  with  a  blow- 
pipe flame,  and  that  still  organisms  appear  in  the 
infusion.  It  is  heroj  however,  that  the  controversy 
rages,  and  the  misfortune  is  that  the  positive  experi- 
ments of  the  one  side  are  the  negative  of  the 
other.  Those  who  maintain  the  doctrine  of  biogenesis, 
and  that  life  proceeds  from  life  alone,  contend  that 
in  proportion  to  the  care  with  which  the  whole  pro- 
ceedings tending  to  exclude  germs  are  conducted 
(as,  for  example,  the  purity  of  the  surrounding  air ;  the 
length  of  time  the  ebullition  has  been  continued ;  the 
avoidance  of  the  entrance  of  a  bubble  of  air  in  the  act 
of  fusion  of  the  neck,  or,  if  this  expedient  be  not 
adopted,  the  packing  of  the  neck,  made  tortuous,  and 
filled  with  wool  to  act  as  a  filter),  the  more  com- 
pletely sterile  do  the  infusions  become ;  whilst  those 
who  hold  the  doctrine  of  ahiogenesis  can  only  point  to 
the  presence  of  life  on  the  globe,  and  ask,  apart  from 
creation,  how  it  could  have  originated,  and  why  it 
should  be  held  to  be  impossible  that  a  certain  aggre- 
gation of  chemical  elements  should  possess  those 
properties  to  which  the  term  "  vital "  is  applied. 
Assuming,  however,  that  so  far  as  we  know  at  present, 
all  life  proceeds  from  some  antecedent  form  of  life,  the 
modes  in  which  new  creatures  appear  may  be  reduced 
to  two,  th.Q  asexual  diTi^  the  sexual.  Both  forms  are 
met  with  in  plants  and  both  in  animals. 

The  chief  varieties  of  the  asexual  mode  are  fission, 
gemmation  or  proliferation,  as  in  the  evolution  of 
young  from  detached  buds,  and  parthenogenesis. 
The  simplest  form   of   asexual  generation  is  that 
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presented  by  the  Amoeba,  in  which  the  body 
separates  into  two  parts,  each  of  whicli  is  as  capable 
as  the  other  of  maintaining  its  own  life.  This  is 
termed  fission.  It  is  probably  performed  under  the 
influence  of  abundant  nourishment  and  a  certain 
temperature.  A  form  of  fission  is  common  in  Algse, 
in  which  the  protoplasm  of  the  parent  cell  breaks  up 
into  separate  masses,  which,  growing,  burst  the  cell, 
and  begin  life  on  their  own  account.  In  gemmation 
an  outgrowth  takes  place,  without  sexual  connection^ 
from  some  part  of  the  parent,  which  in  favourable 
circumstances  may  reproduce  the  entire  plant  or 
animal.  In  some  instances  the  bud  remains  connected 
with  the  parent  stem  ;  in  others  it  becomes  detached. 
Gemmation  may  be  coincident  with  the  occurrence  in 
the  same  organism  of  sexual  generation.  A  third 
form  is  conjugation,  or  coalescence,  seen  in  some  of 
the  lowest  forms  of  life,  as  in  the  Algse  and  in  the 
Gregarinida,  when  two  neighbouring  cells  each  develop 
a  protrusion,  and  when  these  meet,  the  septa  break 
down,  the  contents  of  the  cells  mingle,  and  a  new 
individual  appears  between  the  parents.  The  process 
resembles  in  some  respects  the  sexual  mode  of  repro- 
duction. In  parthenogenesis,  seen  in  Aphides,  new 
individuals  are  developed  from  virgin  females,  by 
means  of  ova^  without  the  intervention  of  a  male.  The 
rbode  of  development  termed  the  alternation  of  genera- 
tion constitutes  a  kind  of  intermediate  form  between 
the  sexual  and  asexual  modes  of  reproduction,  for 
whilst  embryos  are  produced  by  sexual  reproduction, 
these  develop  into  organisms  which  are  capable  of 
propagating  their  like  in  an  asexual  manner,  some- 
times for  several  generations,  when  they  suddenly 
assume  sexual  characters,  and  once  more  produce 
their  young  by  sexual  generation.  One  of  the  ex- 
amples which  has  been  most  carefully  and  completely 
followed  is  the  tape- worm,  which  is  an  hermaphrodite 
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animal,  living  a  parasitic  life  within  the  intestinal 
canal,  with  testes  and  ovary  in  the  same  animal. 
Segments  of  the  tape- worm  containing  numerous 
impregnated  ova  are  discharged  with  the  faeces,  and 
are  called  proglottides.  In  the  interior  of  each  ovum 
an  embryo,  provided  with  six  hooks,  is  developed,  and 
enters  the  body  of  some  other  animal  with  its  food  ; 
the  act  of  digestion  frees  it  from  its  covering,  and  it 
immediately  bores  its  way  into  the  tissues,  and  be- 
comes a  vesicular  worm,  or  cysticercus.  One  or  more 
heads  or  vesicles  develop  within  the  vesicle.  The 
cysticercus  is  now  swallowed  by  another  animal,  and 
the  head  fixes  itself  in  the  intestinal  canal  of  the  new 
host,  and  forms  a  scolex,  which  by  budding  produces 
a  long  chain  of  segments,  each  of  which,  when  fully 
developed,  is  the  sexually  mature  taenia. 

Sexual  generation  is  the  mode  in  which  reproduc- 
tion is  effected  in  all  the  higher  forms  of  animals. 
It  is  usually  and  best  accomplished  in  the  maturity  of 
life,  after  full  growth  and  development  are  completed, 
and  before  the  pliysical  powers  are  weakened  by  the 
advance  of  age.  It  is  the  result  of  the  union  of  a  male 
element  named  the  sperm  with  a  female  element  named 
the  ovum.  In  some  instances,  as  in  fishes,  the  fertili- 
sation of  the  ova  is  effected  without  the  body,  but  in 
the  majority  of  cases  the  impregnation  of  the  ovum 
takes  place  within  the  body.  In  some  instances  the 
ovum  is  sufficiently  large  to  supply  all  the  material 
for  the  growth  and  development  of  the  young,  and  is, 
as  in  birds,  discharged  from  the  body,  and  kept  warm 
either  by  the  heat  of  the  body  of  the  parents  or  by 
exposure  to  the  sun's  rays.  In  mammals,  however, 
the  ovum  is  very  small,  and  is  retained  in  the  body  oi 
the  uterus,  from  the  vessels  of  which  it  indirectly 
receives  its  supplies  of  oxygen  and  of  food. 

Functions  of  ttie  male  org^ans. — The  male 
organs  are  the  penis  and  testes.    The  testes  prepare 
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the  fertilising  agent,  or  spermatic  secretion.  The 
penis  serves  as  an  intromittent  organ,  by  which  the 
sperm  is  injected  into  the  neighbourhood  of  the  os 
uteri,  or  directly  into  the  cavity  of  that  organ.  (For 
the  structure  of  the  testes  and  spermatozoa  see  Klein's 
Elements  of  Histology,"  p.  257.) 
The  seminal  fluid* — The  sperm  or  seminal  fluid 
is  semi-solid  or  gelatinous,  of  whitish  colour,  and  a 
peculiar  odour,  which  has  been  likened  to  that  of  moist 
dough  ;  this  odour  is  developed  only  at  the  period  of 
emission,  as  it  is  imperceptible  in  the  fluid  contained  in 
the  vesiculse  seminales,  or  in  any  of  the  other  secretions 
which  are  discharged  coincidently  with  the  sperm,  such 
as  the  prostatic  secretion,  or  the  secretion  of  Cowper's 
glands.  The  reaction  of  semen  is  slightly  alkaline. 
Exposed  to  the  air  it  dries  up,  and  stiffens  linen  like 
starch.  When  such  spots  are  moistened  and  examined 
with  the  microscope,  spermatozoa  may  be  recognised, 
the  addition  of  carmine  solution  bringing  the  heads 
prominently  into  view.  The  spermatic  fluid  obtained 
from  the  vas  deferens  is  pasty,  whitish,  and  com- 
posed of  nine-tenths  of  spermatozoa  and  one-tenth 
clear  fluid ;  but  when  it  has  reached  the  ampulla 
of  the  vas  it  is  mingled  with  a  brownish  fluid,  which 
alters  its  colour  and  renders  it  thinner.  In  cases  of 
repeated  coitus  at  short  intervals  the  fluid  contains 
few  spermatozoa,  and  is  chiefly  composed  of  prostatic 
fluid  and  the  mucus  of  the  vesiculse  seminales.  The 
object  of  the  prostatic  fluid  seems  to  be  to  render 
it  more  fluid,  and  to  facilitate  the  movement  of  the 
spermatozoa.    The  chemical  composition  of  the  sper- 


matic fluid  is : 

Watei'     .........  88-0 

Spermatin       .       .       .       .       .       .       ^  6"0 

Fat                                                           .  2-5 

Magnesium  and  calcium  phosphate  .       .       .  3'0 

Sodium  phosphate   1"0 

Ammoniaco-magnesian  phosphate    .       .       a  trace. 
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Spermatin  is  an  organic  substance,  resembling 
mucin  and  albumin.  It  coagulates  on  the  addition  of 
alcohol,  and  the  coagulum  dissolves  when  treated  with 
liquor  potassse  ;  but  when  the  potash  is  neutralised 
with  nitric  acid,  ifc  does  not,  like  albumin,  undergo 
precipitation.  It  also  differs  from  albumin  in  not 
being  coagulated  by  heat.  Spermatin  is  chiefly 
formed  in  the  vesiculfe  seminales.  The  spermatozoa 
are  formed  in  the  tubuli  seminiferi.  They  are  not,  as 
a  rule,  formed  before  the  age  of  sixteen  or  seventeen. 
They  continue  to  be  produced  to  an  advanced  period 
of  life,  having  been  found  at  the  age  of  ninety  and 
upwards.  They  move  in  a  spiral  manner  by  a  vib.ratile 
motion  of  the  long  tail.  The  movements  are  arrested 
by  cold,  the  addition  of  a  little  snow  stopping  them 
in  less  than  a  minute,  by  the  addition  of  acids^  one 
part  of  hydrochloric  acid  in  7,500  of  water  rapidly 
killing  them,  and  by  various  poisons^  such  as  opium 
and  strychnia.  They  are  killed  by  a  temperature  of 
50°  C,  and  by  the  passage  of  an  electric  current. 
Their  activity  is  favoured  by  the  addition  of 
slightly  alkaline  fluids,  such  as  the  serum  of 
blood  and  milk ;  and  they  have  been  seen  in 
action  in  the  generative  passages  of  the  female 
eight  or  ten  days  after  coition.  It  is  owing  to  these 
movements  that  the  spermatozoa  are  able  to  perforate 
the  thick  albuminous  coating  which  surrounds  the 
vitellus.  The  movements  are  not  often  perceptible  in 
spermatozoa  taken  from  the  tubuli  seminiferi,  but  are 
apparent  in  those  taken  from  the  vas  deferens  or 
vesiculge  seminales.  The  motility  of  spermatozoa 
must  not  be  confounded  with  their  vitality.  Their 
motility  is  the  persistence  of  their  movements ; 
their  vitality  is  the  persistence  of  their  power  to 
fecundate  the  ova.  In  the  practice  of  pisciculture 
the  ova  of  th^  trout,  salmon,  or  other  fish,  are 
obtained  in  a  dry  state  by  gentle  pressure  of 
E  E — 5 
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the  abdomen  of  the  female  over  a  vase.  The 
spermatic  fluid  of  the  male  is,  by  the  same  means, 
made  to  cover  them.  But  the  two  may  long  remain 
in  contact  without  fecundation  occurring,  the  sper- 
matozoa being  motionless.  As  soon,  however,  as  a 
little  water  is  poured  over  them,  the  spermatozoa 
begin  to  move,  and  almost  all  the  ova  are  fecundated 
in  the  trout  in  less  than  half  a  minute.  The  sper- 
matozoa of  man  can  traverse  2.7  mm.  in  the  space 
of  one  minute.  According  to  Fort,  monorchids,  or 
those  in  whom  one  testis  has  not  descended,  but 
remains  in  the  abdomen,  produce  no  spermatozoa  on 
the  side  of  the  retained  testis,  but  are  capable  of 
procreating  children  of  both  sexes  with  the  other. 
Those  in  whom  neither  testis  has  descended  are  in- 
fertile, though  the  testes  present  their  normal 
structure.  The  spermatic  secretion  is  formed  con- 
tinuously, and  though  in  great  part  re-absorbed, 
yet  gradually  accumulates  in  the  vesiculse  seminales, 
from  whence  it  is  discharged,  in  the  absence  of 
all  sexual  excitement,  in  many  cases  perfectly 
naturally,  about  once  in  three  weeks  or  a  month. 
Self-abuse,  too  often  practised  by  youths,  is  strongly 
to  be  deprecated,  since  it  produces  both  mental  and 
physical  exhaustion,  incapacity  for  work,  and  un- 
wholesome trains  of  thought. 

Erection, — In  ordinary  circumstances  the  penis 
is  soft,  flexible,  pendulous,  and  of  small  volume. 
During  sexual  excitement  it  acquires  a  larger  volume, 
and  becomes  erect,  rigid,  hotter,  and  much  more 
sensitive.  The  object  of  these  changes  is  to  render  it 
eflicient  as  an  intromittent  organ,  and  to  enable  it  to 
conduct  and  deposit  the  semen  at  or  near  the  mouth 
of  the  uterus.  The  cause  of  erection  has  been  the 
subject  of  much  controversy.  There  can  be  no  doubt 
that  the  vessels  not  only  contain  more  blood,  but  that 
the  circulation  through  them  is  more  active.  The 
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pressure  of  the  blood  in  the  vessels  rises  to  one-sixth 
that  of  the  pressure  in  the  carotid.  The  arteries 
undergo  active  dilatation  under  the  influence  of  the 
vaso-dilator  fibres  contained  in  the  nervi  erigentes, 
which  in  the  dog  arise  chiefly  from  the  second  sacral 
nerve  and  contain  ganglion  cells  in  their  course.  The 
centre  for  these  nerves  is  in  the  lower  part  of  the 
spinal  cord,  and  it  may  be  excited  in  various  ways,  as 
by  stimulation  of  the  sensory  nerves  of  the  penis,  and 
by  psychical  processes.  The  fulness  of  the  vessels  thus 
induced  is  aided  by  the  contractions  of  the  erectores 
penis,  which,  forming  a  tendinous  expansion  over  the 
dorsal  vein  of  the  penis,  hinder  the  return  of  blood  ; 
and  also  by  the  contractions  of  the  transversus  perinsei 
profundus,  and  of  the  accelerator  urinse,  which  con- 
tribute to  render  the  bulb  us  urethrse  rigid. 

£jaculatioo. — The  semen  is  to  some  extent 
stored  up  in  the  vesiculse  seminales,  which  are  long, 
sacculated  tubes  with  muscular  walls,  contractions  of 
which  are  induced  in  response  to  stimulation  of  the 
nerves  of  the  penis.  The  mucous  membrane  with 
which  they  are  lined  is  glandular  and  seems  to  secrete 
an  albuminous  fluid  destined  to  dilute  the  semen. 

The  fluid  they  contain  is  driven  along  the  urethra 
by  the  contraction  of  the  muscular  walls  of  that  tube, 
of  the  accelerator  urinse  and  erector  penis  muscle. 
The  nervous  circle  is  completed  through  the  sensory 
nerves  of  the  penis ;  the  ejaculator,  or  genito-spinal 
centre  in  the  lower  part  of  the  spinal  cord,  and  the 
motor  fibres  which  are  distributed  to  the  vesiculse 
and  to  the  erector  muscles.  The  sphincter  vesicse  is 
spasmodically  contracted,  to  prevent  the  entrance  of 
the  fluid  into  the  bladder ;  and  this  is  further  pre- 
vented by  the  swelling  of  the  verumontanum.  The 
quantity  discharged  at  each  emission  varies  from  one 
to  two  or  three  drachms. 

Menstruation. — This  periodical  occurrence  is 
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commonly  but  not  constantly  coincident  with  the 
rupture  of  a  Graafian  follicle,  and  the  setting  free  of 
an  ovum.  It  is  characterised  by  the  discharge  through 
the  vagina  from  the  uterus  of  a  variable  quantity 
of  blood,  which  lasts  for  one,  two,  or  three  days,  once 
in  four  weeks.  It  is  the  result  of  a  process  termed 
ovulation^  which  produces  a  flush  of  blood  to  the 
whole  of  the  generative  apparatus ;  but  it  is  long 
preceded  by  a  growth  of  the  tunica  propria  of  the 
Graafian  follicle,  which  is  accompanied  with  abun- 
dant formation  of  vascular  loops,  that  fill  its  cavity 
and  constitute  the  expelling  force,  resulting  in  the  ex- 
trusion of  an  ovum ;  whilst  the  expulsion  is  facilitated 
by  fatty  metamorphosis  of  the  follicular  wall,  which 
renders  it  more  friable  (Fig.  51).  The  distension  of  the 
follicle  probably  constitutes  a  stimulus  to  the  nerves 
supplying  the  ovary,  and  the  afflux  of  blood  to  the 
generative  organs  is  a  reflex  action.  The  congestion 
thus  induced  causes  increased  transudation  into  the 
follicle,  diapedesis  of  numerous  white  corpuscles,  and 
increased  thickening  of  the  wall,  which  at  length  gives 
way  at  its  crown  or  weakest  part,  which  is  destitute 
of  blood-vessels  and  lymphatics,  and  the  ovum  escapes. 
The  whole  of  the  generative  organs  participate  in  the 
congestion,  the  mucous  membrane  of  the  uterus  be- 
coming thickpr,  more  spongy,  and  hypersemic,  whilst 
the  glands  secrete  mucus  tinged  with  blood,  and 
the  intervening  connective  tissue  presents  ecchymosed 
spots  ;  the  decidua  menstrualis  is  thus  formed,  which 
difiers  from  the  decidua  of  the  impregnated  uterus  in 
the  small  size  of  the  spheroidal  cells  that  are  de- 
veloped in  the  interglandular  tissne.  According  to 
Dr.  Williams,  the  epithelium  and  the  uterine  glands, 
with  the  mucous  membrane,  undergo  fatty  degenera- 
tion, and  are  in  great  part  thrown  off,  renewal  taking 
place  from  the  deeper  portions  which  still  remain. 
With  the  changes  in  the  generative  organs  other 
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reflex  or  consensual  effects  are  observed.  The  breasts 
enlarge  and  are  rendered  more  sensitive.  There  is 
some  gastric  disturbance,  with  general  lassitude  and 
indisposition  to  work.  The  quantity  of  blood  dis- 
charged from  the  endometrium  or  lining  membrane  of 


Fig.  51. — Mature  Graafian  Follicle  containing  an  Ovum,  which  is  about 
to  escape  through  a  rupture  of  the  wall  of  the  Follicle,  carrying 
with  it  some  of  the  cells  (a,  a)  of  the  surrounding  Discus  Proligerus. 


the  uterus  varies  considerably,  but  is  estimated  as 
amounting  on  the  average  to  about  300  grammes.  It 
presents  no  peculiarities,  except  that,  on  account  of  its 
admixture  with  mucus  and  other  materials  secreted 
by  the  vaginal  mucous  membrane,  it  has  little  or  no 
tendency  to  coagulate.  The  majority  of  women  men- 
struate during  the  first  quarter  of  the  moon,  few  only 
at  the  time  of  the  new  or  full  moon.  The  first  occur- 
rence of  menstruation  is  usually  between  the  thirteenth 
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and  the  fifteenth  year.  Brunettes  are  said  to  com- 
mence earlier  than  blondes,  but  in  this  respect  heredity, 
social  position,  and  mode  of  life,  together  with  cli- 
matic conditions,  are  powerful  factors.  Warmth, 
abundant  food,  and  luxurious  habits  of  life  tend  to 
render  its  appearance  earlier.  Menstruation  is  a 
sign  of  sexual  maturity,  and  as  long  as  it  lasts  it  is 
possible  that  a  woman  may  bear  a  child.  It  usually 
ceases,  after  first  becoming  irregular,  between  the  ages 
of  forty-five  and  fifty. 

Formation  of  corpus  luteimi. — As  soon  as 
the  ovum  has  escaped,  the  cavity  of  the  Graafian  fol- 
licle in  which  it  was  contained  becomes  filled  with 
blood,  which  soon  coagulates,  whilst  the  cells  of  the 
membrana  granulosa  disintegrate.  The  line  of  rupture 
of  the  ovarian  wall  cicatrises,  the  serum  of  the  coagu- 
lated blood  is  re-absorbed,  the  haemoglobin  becomes  con- 
verted into  hsematoidin,  and  the  vascular  wall  of  the 
follicle  develops  folds,  which  project  into  its  interior, 
and  contain  many  capillaries  and  numerous  cells. 
Diapedesis  of  white  corpuscles  takes  place  to  a  large 
extent.  The  cells  of  the  membrana  granulosa  multi- 
ply and  form  laminae,  which  are  superimposed  upon 
each  other,  and  subsequently  undergo  fatty  degenera- 
tion with  the  formation  of  lutein  and  fat,  the  yellow 
colour  of  which  has  led  to  the  application  of  the  term 
corpus  luteum  spurium  to  the  now  gradually  dis- 
appearing remains  of  the  Graafian  follicle,  which  is 
scarcely  visible  at  the  expiration  of  four  weeks.  If 
pregnancy  takes  place,  the  larger  supply  of  blood  to 
the  whole  of  the  generative  apparatus  causes  the  cor- 
pus luteum,  then  called  the  corpus  luteum  verum^  to 
increase  to  so  great  an  extent  that  at  the  time  of 
delivery  it  may  measure  nearly  half  an  inch  in  length, 
whilst  its  colour  is  much  deeper,  and  some  traces  of  it 
remain  for  years.  Menstruation  is,  as  a  rule,  arrested 
b}^  the  occurrence  of  pregnancy. 
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The  ovum. — The  ovum,  or  egg,  is  produced  by 
the  female.  It  is  small  in  man,  but  very  large  in  the 
bird  or  reptile,  and  its  several  parts  are  best  studied 


Fig.  52.— Successive  phases  of  the  division  of  the  Nucleus  in  a  Mother 
Cell  of  the  Pollen  G-raLn  of  the  Lily  (Lilium  chalcedonicum). 

a,  Cell  with  nucleus  at  rest  b,  contraction,  thickening,  and  rupture  of  the 
filament  with  transverse  duplication  of  the  chromatin  granules ;  c,  nuclear 
plate  seen  from  the  polar  aspect,  showing  twelve  double  rods:  the  membrane 
and  the  nucleus  have  disappeared  ;  d,  spindle  and  nuclear  plate  seen  in  pro- 
file ;  e,  the  two  halves  of  the  several  rods  separating  in  opposite  directions 
along  the  threads  of  the  spindle;  /,  complete  separation  and  movement 
towards  the  poles  of  the  twelve  v-shaped  halves  of  the  rods  ;  g,  approxima- 
tion and  cohesion  end  to  end  of  the  rods  at  the  poles,  median  thickening  of 
the  spindle  ;  h,  the  cellular  septum  completed  :  the  nucleus  on  the  right  is  in 
the  phase  of  nuclear  plate,  chat  on  the  left  in  a  more  advanced  state  of 
progressive  division  ;  i,  the  nucleus  on  the  right  with  its  two  halves  con- 
centrated at  the  poles,  the  cell  membrane  beginning  to  appear. 
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in  these  animals.  In  its  young  condition  in  all 
animals  it  is  a  simple  cell. 

Maturation  of  the  ovum. — Before  impregna- 
tion an  ovum  undergoes  a  series  of  changes  to  prepare 
it  for  the  action  of  the  spermatozoa.  These  changes 
are  akin  to  those  which  have  been  observed  in  plant 
cells,  previous  to  their  division,  and  which  may  be 
followed  in  the  adjoining  woodcut  (Fig.  52). 

Fo],  who  investigated  the  eggs  of  the  starfish, 
noticed  that  the  first  change  in  the  ripe  ovum  consisted 
in  the  germinal  vesicle  becoming  indistinct,  owing 


Fig.  53.  —  Maturing  Ovum, 
showing  Formation  of  Polar 
Cell,  Spindle,  and  Female 
Pronucleus. 


Fig.  54. — Detachment  of  a  Second 
Polar  Cell. 


to  its  substance  fusing  with  the  vitellus.  Subsequent 
changes  in  the  germinal  vesicle,  and  in  the  adjoining 
protoplasm,  lead  to  the  formation  of  two  asters,  con- 
nected by  means  of  a  spindle,  the  axis  of  which  is 
parallel  to  the  surface  of  the  egg.  At  a  later  period 
the  spindle  becomes  vertical,  and  one  axis  protrudes 
through  the  vitelline  membrane  to  form  tlie  polar  cell 
or  directive  corpuscle.  The  polar  cell  is  subsequently 
constricted  off,  and  by  similar  changes  in  the  spindle  a 
second  body  is  formed  and  got  rid  of.  The  other  aster, 
with  such  portions  of  the  spindle  as  remain  after  this 
formation  of  polar  cells,  forms  a  new  nucleus  for  the 
ovum,  and  is  named  the female  pronucleus  (Figs.  53, 54). 
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Fecundation. — This  consists,  in  the  fusion  of 
the  male  with  the  female  element,  the  spermatozoon 
with  the  ovum.  In  order  that  it  should  be  effected 
it  is  necessary  that  the  spermatozoa,  after  entrance 
into  the  uterus,  should  be  living  and  active,  and  that 
in  the  female  the  passage  from  the  ovary  to  the 
vagina  should  be  free.    The  female  pronucleus,  which, 


after  the  formation  of  the  second  polar  body,  was  situ- 
ated near  the  periphery  of  the  ovum,  travels  again 
towards  the  centre,  its  position  being  marked  by  the 
radial  striation  of  the  protoplasm  around  it  (Fig.  57). 
If  a  spermatozoon  now  gains  access  to  the  ovum 
thus  prepared  to  receive  it,  the  surface  becomes 
raised  into  a  small  prominence  (Fig.  55).  The  head 
of  the  spermatozoon  passes  through  this  prominence 
into  the  egg,  the  tail  undergoing  certain  changes, 
but  finally  fusing  with  the  protoplasm  of  the  ovum. 
As  soon  as  the  head  of  the  spermatozoon  has  passed 
into  the  ovum^  the  superficial  portion  of  proto- 
plasm separates  to  form  a  distinct  membrane  round 
the  egg,  which  prevents  the  entrance  of  other  sperma- 
tozoa (Fig.  56).     The  head   of   the  spermatozoon 


Fig.  55. — Spermatozoa  about  {to 
penetrate  the  Ovum,  which 
presents  a  Colliculus  to  meet 
them. 


Fi^.  56. — Penetration  of  a  Sper- 
matozoon into  an  Ovum,  and 
formation  of  a  Membrane. 
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■which  has  thus  gained  access  to  the  egg  is  termed  the 
male  'pronucleus.    It  increases  in  size,  whilst  the 


Fig.  57.— Ovum  with  two  Polar  Cells  and  Female  Pronucleus,  sur- 
rounded by  Eadial  Striae. 


Fig.  58.— Ovum  with  Male  and  Female  Pronucleus,  and  with  radia 
striation  of  the  Protoplasm  around  the  former. 

protoplasm  around  it  becomes  radiately  striated ;  ulti- 
mately it  fuses  with  the  female  pronucleus  to  form  the 
fertilised  nucleus,  or  first  segmentation  nucleus  (Fig.  58). 
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It  thus  appears  that  the  female  pronucleus  is  the 
product  of  the  nucleus  of  the  primitive  ovum,  whilst 
the  male  pronucleus  is  the  metamorphosed  head  of 
the  spermatozoon,  containing  part  of  the  nucleus  of 
the  primitive  spermatic  cell,  since  the  whole  of  the 
spermatozoa  derived  from  a  spermospore  (the  cell 
which  gives  rise  by  division  to  the  spermatozoa)  are 
together  equivalent  to  one  ovum.  The  spermatic 
cells  originate  from  the  cells  which  are  at  first  indis- 
tinguishable from  the  primitive  ova,  so  that  the  fusion 
which  takes  place  between  the  male  and  female  ele- 
ments is  the  fusion  of  morphologically  similar  parts. 
It  appears  probable  that  a  single  spermatozoon  is 
sufficient  for  the  fecundation  of  an  ovum  ;  though 
Newport  found  that  the  ova  of  frogs  were  more  per- 
fectly developed  when  penetrated  by  many  sperma- 
tozoa than  by  one  or  two.  The  evidence  upon  this 
point  is,  however,  at  present  insufficient  to  permit 
any  trustworthy  conclusion  to  be  drawn. 

In  some  animals,  as  in  most  of  the  carnivora  and 
in  ruminants,  there  is  a  definite  time,  known  as  the 
rut,  or  rutting  season,  at  which  alone  the  female  will 
permit  coitus  to  take  place^  and  when  fecundation 
occurs ;  but  in  other  instances,  as  amongst  rodents, 
marsupials,  and  others,  coitus  is  frequent,  and  there  is 
no  definite  season  for  the  fertilisation  of  the  ova.  In 
man,  coition  and  fecundation  may  apparently  occur  at 
any  period.  Fertilisation  of  an  ovum  is  not  neces- 
sarily coincident  with  coitus ;  nor  can  the  female, 
except  in  rare  cases,  state  precisely  when  it  occurs. 
In  all  instances  the  spermatozoa  must  make  their  way, 
by  virtue  of  their  vibratile  movements,  along  the  cervix 
uteri  into  the  body  of  that  organ,  and  the  occurrence, 
of  ovarian,  or  of  extra-uterine,  or  of  tubal  pregnancy, 
in  which  the  fecundated  ovum  begins  to  develop  within 
the  ovary,  or  becomes  attached  to  some  part  of  the 
peritoneal  cavity,  having  missed  the  upper  opening  of 
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the  Fallopian  tube,  or  develops  in  the  Fallopian  tube 
itself,  conclusively  proves  that  the  spermatozoa  can 
make  their  way  through  the  whole  length  of  the 
uterus  and  Fallopian  tube  to  the  ovary.  It  is  pro- 
bable, however,  that  impregnation  generally  takes 
place  in  the  upper  part  of  the  Fallopian  tube,  whilst 
the  ovum  is  descending,  partly  by  the  action  of  the 
vibratile  cilia  that  line  the  tube,  and  partly  by  the 
peristaltic  action  of  the  muscular  walls ;  up  to 
which  point  the  spermatozoa  have  made  their  way  by 
their  own  movement  in  opposition  to  that  of  the 
uterine  cilia.  The  unfecundated  ovum  descends 
through  the  uterus,  and  is  dissolved  or  discharged ; 
the  fertilised  ovum,  on  the  contrary,  is  arrested  in  its 
course  through  the  uterus,  probably  owing  to  the 
greater  turgidity  of  its  walls  when  fecundation  has 
taken  place,  and  becoming  attached  undergoes  its  full 
development.  According  to  Landois,  twins,  or 
double  impregnation,  occurs  once  in  87  deliveries, 
through  more  frequently  in  hot  climates ;  three  at  a 
birth  once  in  7,600  ;  four  at  a  birth  once  in  330,000. 
More  than  six  at  a  birth  have  not  been  observed. 
The  average  number  of  impregnations  for  each  woman 
is  4i. 

8eg:meTitatioii  of  ovum  and  early  stages 
of  development  of  embryo. — The  first  changes 
that  can  be  observed  in  the  ovum  after  fecundation 
consist  in  the  formation  of  a  number  of  cells  by  a  pro- 
cess that  is  termed  segmentation.  The  manner  of  seg- 
mentation varies  in  different  groups  of  animals.  Eggs 
which  are  hatched  within  the  body  of  the  parent  are 
provided  with  a  small  amount  of  yolk.  In  such  cases 
•the  eggs  may  segment  unequally,  as  in  the  frog,  in 
which  the  upper  portion  of  the  egg  divides  into  a 
number  of  small  ceils,  forming  the  roof  of  the  segmen- 
tation cavity,  whilst  the  lower  portion  consists  of  larger 
yolk- containing  cells.    In  other  forms  the  egg  divides 
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into  a  number  of  equal  segments.  In  both  cases 
the  eggs  divide  up  entirely,  or  undergo  complete  seg- 
mentation, and  they  are  therefore  known  as  holohlastic^ 
ova.  In  the  eggs  of  birds,  the  food  material,  or  yolk, 
is  present  in  larger  quantities,  since  they  are  incu- 
bated outside  the  parent,  and  therefore  require  that 
the  entire  food  for  the  development  of  the  various 
tissues  should  be  present  when  the  egg  is  laid. 
These  eggs  are  called  meroblastic,f  since  only  a  portion 


Fig.  59.-- Segmentation  in  the  Ovum  of  Amphioxus,  Blastula  stage. 
jBci.tEctoderm ;  End,  endoderm  ;  Fh,  segmentation  cavity.  {After  Eatschek. 

of  their  substance,  namely,  the  germinal  disc,  under- 
goes segmentation,  the  rest  usually  forming  an 
appendage  called  the  yolk  sac. 

The  ovum  of  the  lower  vertebrates,  as  that  of 
Amphioxus,  in  its  early  development  passes  through 
four  stages,  named  respectively  the  cytula,  morula, 
blastula,  and  gastrula  stage.  The  cytula  is  t1ie  term 
applied  to  the  primary  monocellular  condition  of  the 
ovum  when  it  is  only  a  simple  cell.  After  segmenta- 
tion is  complete,  it  resembles  a  mulberry  and  is  thence 
termed  a  morula.  It  has  become  pluricellular,  fluid 
now  accumulates  in  the  centre  of  the  mass,  and  it 

*  oAo?,  entire  ;  /SAao-To?,  a  sprout, 
f  fxipos,  a  part ;  /SAaa-rds,  a  sprout. 
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constitutes  a  hlastula  (Fig.  59)  In  this  stage  a 
difference  in  the  character  of  the  cells  is  observable  ; 
those  forming  the  upper  two-thirds  of  the  blastosphere 


Fi^.  60.— Formation  of  Gastrula. 

Ect,  Ectoderm;  End,  endoderm;  Fh,  segmentation  cavity;  Enh^  invagination 
cavity.   {After  Hatschek.) 

[Ecty  Fig.  59)  being  small  and  clear,  those  forming 
the  lower  third  (End)  being  large  and  granular.  The 


Fig.  61. — Gastrula  stage  of  AmpMoxus. 
Ect,  Ectoderm ;  End,  endoderm :  Bl,  blastopore  or  anus  of  Rusconi ;  Enh,  in- 
vagination cavity  or  primitive  digestive  cavity. 

cavity  containing  the  fluid  is  the  segmentation 
cavity  (Fh).  Very  soon  the  layer  of  larger  cells, 
named  the  endoderm  cells,  become  depressed  and 
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apply  themselves  to  the  inner  surface  of  the  layer  of 
smaller  or  ectoderm  cells;  and  the  segmentation 
cavity,  after  gradually  lessening  in  size  (Fig.  60, 
FK).  disappears.  The  gastrula  form  is  now  acquired, 
the  constricted  mouth  of  the  depression  {Bl^  Fig.  61) 
being  named  the  blastopore  or  anus  of  Rusconi. 
This  second  cavity,  formed  by  the  invagination  of 
the  endoderm  cells,  is  the  archenteron,  or  primitive 
digestive  cavity  ;  the  internal  layer  of  cells  is  the 
hypoblast  or  endoderm ;  the  external  layer  is  the 
hlast  or  ectoderm. 

The  term  blastoderm  can  now  be  understood.  It 
is  the  mass  of  cells  formed  by  the  segmentation  of  the 
ovum.  These  cells  at  first  form  a  hollow  sphere  with 
a  wall  composed  of  a  single  layer  of  cells — the  blasto- 
dermic vesicle — and  soon,  by  invagination,  a  vesicle 
with  double  wall  is  produced,  the  two  layers  of  cells 
forming  the  blastodermic  laminae,  and  being  named 
ectoderm  and  endoderm ;  a  third  layer,  or  mesoderm, 
is  subsequently  developed  between  them,  proceeding 
entirely  from  the  endoderm.  In  the  Amphioxus  the 
endoderm  presents  three  depressions — a  central  one, 
which  forms  the  chorda  dorsalis ;  and  two  lateral  ones, 
which  are  the  commencement  of  the  mesoderm. 
These  are  pushed,  like  the  fingers  of  a  glove,  between 
the  ectoderm  and  the  endoderm,  and  have,  of  course, 
double  walls  :  the  outer  wall  united  with  the  ectoderm, 
the  inner  with  the  endoderm.  The  former  constitutes 
the  parietal  or  fibro-cutaneous  lamina,  the  latter  the 
visceral  or  fibro-intestinal  lamina ;  the  space  between 
these  two  laminae  originally  communicates  with  the 
general  cavity  of  the  gastrula.  It  is  the  cceloma  or 
general  cavity  of  the  body,  or  the  pleuro-peritoneal 
fissure. 

Ovum  of  tlie  bird. — The  parts  of  the  ovum  of 
a  bird  are  :  1.  An  external  calcareous  coating  or  shelly 
which  is  porous,  and  permits  the  passage  of  air  and 
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moisture.  2.  Two  thin  membranes^  which,  closely 
applied  to  each  other  throughout  the  greater  part  of 
their  extent,  become  separated,  shortly  after  the  egg 
has  been  laid,  at  the  large  end  of  the  egg,  and  con- 
tain a  bubble  of  air  between  them  at  this  point. 
3.  Next  comes  the  albumen,  which  is  deposited  in 
layers,  and  can  be  detached  in  a  hard-boiled  egg  in 
flakes  which  have  a  spiral  direction ;  the  outer  layer 
of  the  albumen  is  less  firm  and  consistent  than  the 
inner.  4.  At  each  end  of  the  egg  the  albumen 
forms  a  distinct  gelatinous  mass,  which  stretches 
between  the  yolk  and  the  shell,  and  which  resists 
coagulation  by  heat  rather  longer  than  the  other  parts 
of  the  albumen.  These  masses  are  twisted  spirally, 
but  in  opposite  directions,  and  are  believed  to  aid  in 
keeping  the  yolk  in  position.  They  are  named  the 
chalazoi.  5.  If  the  albumen  be  entirely  removed  the 
yolk  is  seen  to  be  surrounded  by  a  delicate  membrane, 
termed  the  vitelline  membrane.  6.  If  an  egg  be  laid 
on  its  side  and  the  shell  be  broken  by  gentle  taps,  it 
is  easy  to  pick  away  the  shell  and  lining  membrane 
over  a  space  about  equal  to  a  threepenny  piece  with- 
out damaging  the  yolk.  The  part  of  the  yolk  exposed 
presents  a  small  round  spot  of  lighter  colour  than  the 
rest  of  the  yolk,  which  is  an  indication  of  a  separation 
of  the  yolk  into  two  parts,  which  have  a  marked 
difference  in  their  use  and  purpose  ;  the  light  yolk  is 
the  germ  yolk,  or  blastoderm,  which  alone  under- 
goes segmentation,  and  is  directly  converted  into  the 
body  of  the  embryo ;  the  yellow  yolk,  though  it 
ministers  to  the  development  and  growth  of  the 
embryo,  does  not  undergo  segmentation,  and  is  hence 
called  the    food  yolk." 

The  circular  patch  of  white  yolk,  also  named  the 
cicatricula,  or  tread,  may  be  seen  on  section  to  give 
off  a  process  that  dips  into  the  yellow  yolk  to  near  its 
middle,  where  it  dilates  into  a  kind  of  vesicle,  the 
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nucleus  of  Pander  ;  the  whole  somewhat  resembling  a 
Florence  oil  flask,  the  mouth  of  which  is  a  little  ex- 
panded. Whatever  part  of  the  side  of  the  shell  is 
chipped  away,  the  blastoderm  invariably  comes  into 
view,  and  the  yolk,  being  lighter  than  the  albumen, 
floats  up  to  near  the  surface.  7.  The  yellow  yolk, 
when  boiled  or  otherwise  hardened,  presents  concen- 
tric markings,  that  are  termed  halones,  and  it  is  then 
seen  to  be  invested  externally  by  a  thin  layer  of  the 


Fig.  62.— Antero-posterior  section  of  the  Blastoderm  of  tlie  Fowl's  Egg 
before  incubation. 

Anterior  extreraity ;  p,  posterior  extremity;  eo;,  ectoderm :  Cs,  segmentation 
cavity;     free  nuclei  in  the  vitellus.    (After  Duval.) 


white  yolk  prolonged  from  the  margin  of  the  blasto- 
derm. The  yellow  yolk  is  composed  of  small  sphe- 
roids, which  contain  no  nucleus,  but  are  filled  with 
minute,  highly  refractile,  albuminous  granules.  The 
white  yolk  is  also  composed  of  spheroids,  but  these 
difler  from  the  spheroids  of  the  yellow  yolk  in  being 
smaller  and  in  containing  a  nucleus. 

Ctiemical  composition  of  the  fowl's  eg^g:.— 
The  shell  is  composed  of  4*15  per  cent,  of  organic  sub- 
stance, chiefly  albumen,  impregnated  with  calcium 
carbonate  to  the  extent  of  93-7  per  cent,  and  con- 
taining also  small  quantities  of  magnesium  carbonate 
(1*39  per  cent.),  calcium  phosphate  (0*76),  and  iron 
phosphate.    The  yolk  consists  of  47 '1  per  cent,  of 
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water,  15  "6  per  cent,  of  albumin,  31*3  per  cent,  of 
ether  extract,  chiefly  fats,  4*8  per  cent,  of  alcohol,  and 
0  9  6  per  cent,  of  inorganic  salts.  Amongst  the  sub- 
stances which  have  been  isolated  are  :  vitellin,  which 
is  the  characteristic  albuminous  compound  of  the 
yolk;  nuclein,  chiefly  obtained  from  the  white  yolk  ; 
lecithin,  gly  cerin,  phosphoric  acid,  cholesterin,  palmi- 
tin  and  olein,  a  pigment  named  lutein,  glycogen,  and 
grape  sugar. 

£ariy  stages  of  development  m  the  ovum 

of  the  fo\%^l« — In  the  fowl,  the  ovum  which  has 


Fig.  63.— Antero-posterior  section  of  a  Fowl's  Egg  (not  incubated). 

A,  Anterior,  p,  posterior  extremity  of  embryo;  ex,  ectoderm  or  epiblast;  cs, 
segmentation  cavity;  in,  endoderm  or  hypoblast;  eg,  suL-germinal  cavity 
with  an  entodermic  globule  at  its  margin. 

undergone  changes  similar  to  those  described  in  the 
Amphioxus,  and  has  passed  through  the  successive 
stages  of  the  blastula  and  gastrula,  presents  a  cavity 
— the  segmentation  cavity — seen  in  Figs.  62  and  63. 
The  cells  of  the  lowermost  layer  multiply  and  form  a 
thick,  lens-like  mass,  which  again  becomes  separated 
from  the  rest  of  the  white  yolk  by  a  fissure  that  has 
been  named  the  infra-germinal  or  sub-germinal  fissure, 
and  the  presence  of  which  marks  the  end  of  the  process 
of  segmentation.  The  blastoderm  now  begins  to 
extend  in  the  form  of  a  circular  disc  over  the 
surface  of  the  food  yolk ;  the  ectoderm  or  epiblast 
advancing  rapidly,  the  endoderm  or  hypoblast  more 
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slowly.  The  two  layers  are  separated  by  the  segmen- 
tation cavity,  now  a  mere  fissure,  except  at  the 
thickened  margin  of  the  disc,  which  is  raised  above 
the  level  of  the  adjoining  yolk.  At  this  margin  the 
epiblast  and  the  hypoblast  are  continuous,  and  both 
are  extended  like  a  roof  over  the  sub-germinal  cavity 
(Fig.  64). 

Looking  vertically  down  upon  the  blastoderm  at 
this  period,  the  centre  and  the  margin  differ  in  aspect ; 
the  margin  or  periphery  is  white  and  constitutes  the 
area  opaca.  The  central  part,  which  from  the  mode 
of  its  formation  is  at  first  crescentic,  then  circular,  and 

Fig.  64. — Antero-posterior  section  of  a  Blastoderm  of  a  Fowl's  Egg  after 
incubation  of  five  hours.     {After  Duval.) 

ex.  Ectoderm ;  endoderm  ;  &&a,  anterior  region  of  theithickened  periplierj'^  of  the 
blastoderm;  bbp,  posterior  region  of  the  same;  6e,  ectodermic  thickening; 
Rv,  Internal  sui'face  of  sub-germinal  ca\aty ;  bev,  entodermo-vitelline  border  ; 
71,  yolk. 

finally  pear-shaped,  is  of  a  greyer  hue  and  is  named 
the  area  pellucida  (Fig.  66).  At  the  posterior  part  of 
the  blastoderm  *  there  is  a  slight  notch,  and  from  this 
point  no  extension  of  the  blastoderm  takes  place,  and 
so,  as  the  blastoderm  extends  the  advancing  borders 
meet  and  form  for  a  little  distance  behind  this  non- 
developing  point  a  line,  the  primitive  streak.  Inas- 
much as  the  margins  of  the  primitive  streak  are 
formed  by  the  union  of  the  epiblast  and  hypoblast, 
it   has   been  suggested  that  the  primitive  streak 

*  If  an  egg  be  placed  in  front  of  the  observer,  with  its  long 
axis  running  from  left  to  right,  the  large  end  to  the  left,  the  head 
of  the  future  embryo  would  develop  away  from  him  and  the  tail 
towards  him. 
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constitutes  the  analogue  of  the  blastopore  of  Amphi- 
oxus,  leading  into  the  sub-germinal  cavity,  which  is 
the  analogue  of  the  gastrula  stage ;  the  gastrula  being 
formed  not,  as  in  that  animal,  by  invagination,  but 
delamination  (i.e.  extension  of  a  layer).  The  large 
and  scattered  cells  which  partly  fill  the  primitive 
streak  (c^.  Fig.  63)  are  the  homologues  of  the  plug  of 
Ecker,  found  in  Batrachia,  filling  the  blastopore  or 
anus  of  Rusconi. 

Formation  of  mesoblast. — About  the  sixth 
or  eighth  hour  of  incubation  a  third  layer  begins  to 
form  in  the  blastoderm.  The  epiblast,  developing 
more  rapidly  than  the  hypoblast,  extends  over  the 
vitellus,  and  the  hypoblast  fuses  with  the  yellow  yolk. 
The  mesoblast  proceeds  from  certain  cells  of  the  hypo- 
blast which  proliferate  between  the  epiblast  and  the 
hypoblast,  in  the  space  occupying  the  position  of  the 
now  obliterated  segmentation  cavity.  The  cells  of  the 
floor  of  the  sub-germinal  cavity,  which  appear  in  the 
yolk  beneath  the  blastoderm,  constitute  the  parablast  of 
Henneguy,  and  of  these  His  makes  two  zones — the 
archiblastic,  derived  from  the  primitive  hypoblast,  the 
other  the  parablastic,  the  cells  of  which  proceed  from 
those  of  the  parablast  and  make  their  way  into  the 
space  between  the  original  epiblast  and  the  hypoblast. 
These  two  zones  form  the  mesoblast  or  third  layer  of 
the  embryo,  and  from  these  three  layers  the  whole 
body  of  the  foetus  is  developed. 

Ovum  of  man. — The  human  ovum  differs  in 
several  particulars  from  that  of  the  bird.  It  is  ex- 
tremely small,  having  a  diameter  of  only  about  y^o^h 
of  an  inch.  It  has  an  external  investment,  named  the 
zona  pellucida  (Fig.  65,  6),  which  is  of  considerable 
thickness,  and  capable  of  resisting  tolerably  strong 
pressure,  returning  to  its  spheroidal  form  as  soon  as 
the  pressure  is  removed,  by  virtue  of  its  elasticity.  It 
presents  a  fine  radial  striation,  due  to  the  presence  of 
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fine  canals.  This  membrane  {zona  radiata)  corre 
sponds  apparently  to  the  vitelline  membrane  of  the  egg 
of  the  bird,  for  it  invests  a  mass  of  protoplasm  which 
represents  the  vitellus  of  the  egg  of  the  fowl,  which 
in  the  mammal  is  granular  and  contractile.  The 
absence  of  yellow  yolk  in  the  mammalian  egg  has  led 
such  eggs  to  be  named  alecithal."^    In  the  midst  of 


Fig.  65. — Ovum  of  Mammal. 

a,  Cells  of  discus  proligerus ;  &,  zona  pellucida ;  c,  vitellus  ;  d,  germinal 
vesicle ;  e,  germinal  spot. 

the  vitellus  is  a  nucleus  named  the  germinal  vesicle , 
or  vesicle  of  Purkinje  (c?),  containing  a  reticulum 
of  nucleoplasma  with  nuclear  fluid  in  its  meshes, 
and  a  nucleolus  named  the  germinal  spot,  or  spot 
of  Wagner  (c),  both  of  which  may  be  seen  under  the 
microscope.  Besides  the  nucleolus,  some  small  cor- 
puscles have  been  noticed  by  v.  Beneden,  which  have 
been  named  the  pseudo-nuclear  bodies.  Near  the  ger- 
minal vesicle  Balbiani  has  observed  in  some  animals 


a,  priv,  ;  \€Kidocj  yolk. 
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a  second  nuclear-like  body  which  he  names  the  em- 
bryogenous  vesicle,  which  proceeds  by  germination 
from  the  membrana  granulosa  and  penetrates  the 
vitellus.  It  represents  a  primordial  male  element, 
and  in  parthenogenesis  can  produce  the  effects  of 
fecundation.  The  nucleoplasm  is  sometimes  called 
chromatin  substance,  the  nuclear  iiuid  achromatin 
substance. 

Mode  of  origin  of  the  ovum. — If  a  trans- 
verse section  be  made  through  the  body  of  a  mamma- 
lian embryo  at  an  early  period,  or  of  a  fowl  about  the 
close  of  the  fourth  day,  the  abdominal  cavity  is  seen 
to  be  lined  by  pavement  epithelium,  which  becomes 
columnar  at  the  level  of  the  Wolffian  body  ( W,  Fig.  69), 
and  is  here  named  the  germinal  epithelium.  As  the 
embryo  develops,  this  columnar  epithelium  becomes 
limited  to  the  inner  and  outer  parts  of  the  surface  of 
the  Wolffian  body ;  the  intermediate  cells  being  flat. 
The  canal  or  duct  of  Miiller,  which  subsequently  be- 
comes the  Fallopian  tube  and  uterus,  is  formed  from 
the  external  germinal  epithelium  ;  the  ovary,  or  sexual 
gland  of  the  female,  is  developed  from  the  internal 
germinal  epithelium  ;  in  the  midst  of  the  columnar 
cells  other  cells  make  their  appearance,  which  are  larger, 
isolated,  and  spheroidal ;  these  are  the  primordial 
ovules.  These  ovules,  or  female  germs,  exist  at  an 
early  period  in  both  sexes.  In  the  male,  according  to 
Waldeyer,  they  disappear,  the  male  elements  develop- 
ing from  the  Wolffian  canal;  but  according  to  Semper, 
both  male  and  female  elements  originate  from  the 
columnar  epithelium. 

development  of  ttie  ovum  in  mammals.— 
The  ovum,  as  it  descends  the  Fallopian  tube,  usually 
has  numerous  cells  of  the  discus  proligerus  still  ad- 
herent to  it.  In  some  animals,  as  the  rabbit,  the 
ovum,  in  its  passage  through  the  Fallopian  tubes, 
receives    an   albuminous   covering   of  considerable 
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thickness,  whilst  in  the  dog  it  is  very  thin.  Segmenta- 
tion commences  during  its  descent.  Little  is  certainly 
known  of  the  very  earliest  stages  in  man,  but  it  is 
believed  that  they  resemble  those  of  such  mammals  as 
the  rabbit  and  dog.  During  the  process  of  unequal 
holoblastic  segmentation,  such  as  is  supposed  to  occur 
in  the  human  ovum,  a  groove  forms,  which  speedily 
divides  the  ovum  into  two  parts,  of  which  one,  named 
thQepihlastic  sphere,  is  larger  and  more  transparent  than 
the  smaller,  or  hypohlastic,  sphere.  Each  sphere  soon 
undergoes  subdivision  into  2,  4,  8,  16  spheres,  and  so 
on,  but  with  such  change  of  position  that  at  the  close  of 
segmentation  (that  is,  at  the  close  of  the  third  day  in 
the  rabbit,  and  about  the  eighth  in  the  human  embryo) 
the  large  granular  hypoblastic  spheres  constitute  a 
central  solid  mass,  almost  entirely  surrounded  by  the 
smaller,  clearer,  and  somewhat  cubical  epiblastic 
spheres.  The  segmented  ovum  now  enters  the  uterus^ 
and  undergoes  a  series  of  changes,  which  result  in  the 
formation  of  the  blastodermic  vesicle.  This  is  produced 
by  the  separation  of  the  epiblast  from  the  hypoblast, 
and  by  the  formation  of  a  cavity  in  the  centre  of  the 
ovum  filled  with  fluid  (analogous  to  Cs,  Fig.  62). 
The  greater  part  of  the  walls  of  the  cavity  are  formed 
at  first  of  a  single  row  of  flattened  epiblastic  cells, 
while  the  hypoblast  cells  form  a  small  lens- shaped 
mass  attached  to  the  inner  side  of  the  epiblast  cells  ; 
but  very  soon  the  hypoblast  cells  spread  out  on  the 
inner  side  of  the  epiblast,  the  central  thickening, 
however,  forming  an  opaque  circular  spot  on  the 
blastoderm,  which  is  the  commencement  of  the  em- 
hryonic  area,  A  day  or  two  later  this  spot  presents 
three  layers,  a  new  intermediate  layer,  termed  the 
mesohlast,  having  made  its  appearance. 

The  mesoblast  is  derived  in  park  as  a  proliferation 
of  cells  from  the  epiblast,  and  in  part  from  cells  which 
separate  as  plates  from  the  hypoblast.  The  cells  from 
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these  two  sources  soon  become  blended,  and  at  an 
earlj  period  in  the  life  of  the  embryo  are  indistin- 
guishable from  each  other  (Balfour). 

The  blastodermic  vesicle  now  comes  to  present 
three  areas  :  (1)  The  embryonic  area,  formed  of 
three  layers,  epiblast,  mesoblast,  and  hypoblast ;  (2) 
the  ring  round  the  embryonic  area,  where  the  walls 
of  the  vesicle  are  formed  of  epiblast  and  hypoblast ; 
(3)  the  area  beyond  this  again,  where  the  vesicle  is 
formed  of  epiblast  only.  Speak- 
ing generally,  the  epiblast  gives 
rise  to  the  central  nervous 
system,  to  the  epidermis  and 
epidermoid  tissues,  as  the  hair 
and  nails,  and  to  the  epithelium 
of  the  organs  of  sense ;  the 
mesoblast  forms  the  greater  part 
of  the  tissues  of  the  body,  such 
as  the  cutis,  muscles,  bones, 
and  the  large  glands ;  whilst 
from  the  hypoblast  originates  the 
epithelium  of  the  intestines 
and  the  cells  lining  the 
ducts  of  those  glands  which  arise  from  it  by  a  process 
of  involution.  The  blood  and  blood-vessels  and  con- 
nective tissue  arise  in  the  fowl  from  the  elements  of 
the  white  yolk  which  lie  external  to  the  embryonal 
rudiment,  and  have  hence  been  called  parablasiic  for- 
mations, in  opposition  to  the  archiblastic  formations 
which  arise  from  one  or  other  of  the  three  layers  of 
the  embryo. 

JPrinaitive  istresik.  Medullary  folds. — Early 
on  the  seventh  day  in  the  rabbit  the  embryonic  area, 
previously  oval,  becomes  pyriform,  and  at  its  posterior 
and  narrower  end  a  primitive  streak  makes  its  ap- 
pearance, due  to  a  proliferation  of  rounded  cells  from 
the  epiblast.     These  cells  constitute  the  rudiment  of 


Fig.  66.— Ovum  of  Fowl, 
with  Primitive  Streak, 
surrounded  by  the  Area 
pellucida,  which,  is  boun- 
ded by  a  line,  and  is 
pyriform,  and  by  the 
Area  opaca,  which  is 
oval. 

a.  Zona  pellucida ;  b,  vitellus. 
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the  mesoblast.  The  embryo  is  developed  in  the 
anterior  portion  of  the  area  pellucida,  and  is  only  in- 
directly continuous  with  the  primitive  groove  which 
lies  in  the  axis  of  the  primitive  streak.  On  the  eighth 
day  two  folds  arise,  bounding  a  shallow  median  groove. 
These  meet  in  front,  and  diverge  behind,  enclosing 
between  them  the  front  end  of  the  primitive  streak. 
They  are  the  medullary  folds,  and  constitute  the  first 
definite  traces  of  the  em- 
bryo (Fig.  61).  The  thick- 
ened axial  portion  of  hy- 
poblast beneath  and  be- 
tween the  medullary  folds 
becomes  separated  from 
the  lateral  parts  and 
forms  the  notochordj  the 
fore  part  first  becoming 
distinct.  That  part  of 
the  blastodermic  vesicle 
which  is  included  in  the 
embryonic  area  alone 
takes  part  in  the  forma- 
tion of  the  embryo ; 
the  remaining,  or  non- 
embryonic  part,  forms  the  umbilical  vesicle,  which  is 
particularly  well  seen  in  fish,  where  it  is  large,  and 
long  remains  visible  as  a  sac  appended  to  the  body. 
The  umbilical  vesicle  contains  the  food  yolk,  which  is 
very  small  in  quantity  in  mammals,  and  is  gradually 
absorbed,  being  applied  to  the  nutrition  of  the  grow- 
ing embryo.  The  lateral  masses  of  mesoblast,  from 
which  the  notochord  has  separated,  begin  to  divide 
into  a  vertebral  zone  adjoining  the  embryo  and  a 
more  peripheral  lateral  zone.  The  vertebral  zone 
exhibits  indications  of  two  somites,  the  foremost  of 
which  marks  the  junction  of  the  cephalic  region  and 
trunk.    A  delicate  clear  ring  now  appears  around  the 


Fig.  67. — Diagram  showing-  the 
gradual  folding  off  of  the  Em- 
bryo, which  comes  to  be  seated 
on  an  eminence,  and  has  a  curved 
form. 

a.  Zona  pellucida ;  6,  vitellus  ;  c,  em- 
bryo ;  d,  e,  folds  of  amnion. 
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embryonic  area,  which  is  believed  to  represent  the 
peripheral  part  of  the  area  pellucida  of  birds,  and  ex- 
ternal to  this  is  a  well-defined  area  vasculosa.  Even 
at  this  early  period,  before  any  folding  off  of  the  em- 
bryo has  occurred,  traces  of  the  heart  are  visible,  in 
the  form  of  two  tube-like  structures  running  longitu- 
dinally in  the  lateral  masses  of  the  mesoblast.  In 
the  process  of  the  folding  off  of  the  embryo  the  head 
fold  appears  first,  and  is  deepest,  and  it  is  soon  fol- 
lowed by  the  tail  fold  (Fig.  68).  The  medullary  groove, 
still  open,  now  begins  to  close 
from  before  backwards.  Nearly 
coincidently  with  the  formation 
of  the  primary  vertebrae  a  fis- 
sure appears  in  the  lateral  masses 
of  the  mesoblast,  which  is  the 
commencement  of  the  pleuro- 
peritoneal  cavity  {ppc,  Fig.  69)  ; 
the  lower  lamina  is  the  splanchno- 
pleure  (sp),  which,  folding  in- 
"Head^Foid?""  wards  sharply,  forms  the  walls 
^""iSsf  c/heid^^ia.'^^'"^"  of  the  intestine,  which  is  lined 
by  the  hypoblast ;  whilst  the 
outer  or  upper  lamina  is  named  the  somatopleure 
(so),  and  also  folding  inwards,  but  with  a  much  wider 
curve,  forms  the  wall  of  the  body.  The  heart  appears 
in  the  space  between  the  two. 

Forma^tion  of  tlie  amnioii. — When  the  em- 
bryo (Fig.  70)  has  become  separated  off  by  an  inflec- 
tion of  the  wall  of  the  blastodermic  vesicle  from  the 
general  yolk  cavity,  a  circular  fold  of  the  somato- 
pleure and  epiblast  arises  (ks,  ss),  the  circumference 
of  which,  gradually  approximating  towards  the  middle 
of  the  back  of  the  embryo,  ultimately  meets,  and  the 
double  septum  existing  at  all  points  is  absorbed.  The 
embryo  thus  comes  to  be  invested,  except  below,  by 
a  membranous  sac,  which  is  continuous  with  the 


Chap.  XVII.]    Development  OF  Embryo.  491 


skin,  and  is  formed  of  the  somatopleure,  lined  by 
the  epiblast.  Fluid  is  secreted  both  within  and 
without  the  sac.  The  fluid  between  the  skin  of  the 
embryo  and  the  inner  layer  of  the  sac  occupies  the 
cavity  of  the  amnion,  and  is  termed  the  liquor  amnii, 
whilst  the  free  membrane  separating  the  two  portions 
of  fluid  is  the  true  amnion.  The  outer  layer  of  the 
sac,  consisting  of  somatopleure  internally  and  epiblast 
externally,  which  is  called  the  false  amnion,  or  suhzonal 
membrane,  soon  coalesces  with  the  vitelline  membrane, 


Fig.  69. — Diagram  showing  early  differentiation  of  parts  in  Blastoderm. 

ch,  Chorda  dor salis;  yw,  provertebrse;  W,  Wolffian  body ;  ao,  aorta; 
'ppc,  pleuro-peritoneal  cavity;  so,  somatopleure;  sp,  splauchnopleure. 


and  the  fluid  between  it  and  the  true  amnion  under- 
goes absorption.  The  amnion  may  now  be  regarded  as 
a  serous  membrane,  being  a  continuous  sheet  of  mem- 
brane, and  having  an  internal  or  visceral,  and  an  ex- 
ternal or  parietal  layer.  The  visceral  layer,  near  the 
point  where  it  becomes  continuous  with  the  skin 
of  the  embryo,  curves  downwards  and  inwards  {sk, 
Fig.  70),  and  comes  to  invest  the  vitelline  duct  (dom, 
Fig.  71),  and  thus  ultimately  forms  a  tubular  sheath 
around  the  umbilical  cord.  The  amnion  possesses 
some  contractile  power,  owing  to  the  presence  of  fusi- 
form cells  of  unstriated  muscular  tissue,  which  are 
derived  from  the  somatopleure.  It  executes  slow 
rhythmical  pulsations,  which  rock  the  embryo  to  and 
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fro  in  the  egg.  The  serous  layer  [ch.pr,  Fig.  71) 
sends  forth  numerous  processes,  or  villi,  which 
project  from  the  whole  periphery  of  the  vitelline 
membrane,  and  constitute  the  primitive  chorion. 

Liquor  amnii. — The  liquor  amnii  is  a  clear 
yellowish-green  fluid,  of  peculiar  odour,  in  which 
epidermis,  hairs,  scales,  and  particles  of  fat,  cast 
off  from  the  skin  of  the  embryo,  float.  The  quantity 
is  larger  near  the  middle  of  pregnancy  than  towards 


Fig.  70. — Diagram  to  show  the  mode  of  Origin  of  tlie  Amnion. 


Tip,  Somatopleure;  ks,  head  fold  of  amnion  ;  ss,  tail  fold  of  amnion ;  ek,  epiblast;  • 
kk,  bead  cap;  sk,  tail  cap;  dsh,  cavity  of  the  yolk  sac;  dom,  ductus  omphalo- 
mesentericus  or  omphalo-mesaraicus;  feci/i,  pharyngeal,  or  aaterior  portion 
of  intestinal  cavity;  hypoblast  lining  the  cavity  of  the  intestine;  hg, 
rudiment  of  heart ;  hh,  part  of  pleuro-peritoueal  cavity. 

the  close,  when  it  usually  amounts  to  about  a  pint. 
Its  reaction  is  alkaline  ;  its  specific  gravity  varies  from 
1-002  to  1*028,  and  in  general  it  resembles  diluted 
blood  serum.  It  contains  albumin  and  globulin-like 
substances,  a  fermentable  sugar,  lactic  acid,  kreatinin, 
urea,  and  the  usual  salts  of  the  blood.  The  urea  is  ex- 
creted by  the  kidneys  of  the  foetus.  The  liquor  amnii  is 
essentially  formed  by  the  foetus,  part  proceeding  from 
the  skin,  part  from  the  foetal  chorionic  capillaries, 
which  are  closely  applied  to  the  amnion  and  to  the  vasa 
propria  of  the  limiting  membrane  of  the  placenta,  and 
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partly  from  the  kidneys,  tlie  evidence  of  which  is  the 
very  small  qnantity  of  liquor  amnii  found  in  cases 
where  the  foetal  kidneys  are  congenitally  absent.  A 
portion,  however,  is  probably  also  supplied  by  the 
mother  from  the  numerous  vessels  of  the  decidua  vera. 
The  uses  of  the  liquor  amnii  are  to  fill  the  uterine  cavity 


Fig.  71. — Diagram  to  show  the  complete  Formation  of  the  Amnion. 

am,  Amnion;  al  allantois:  dom,  umbilical  duct;  ds,  umbilical  vesicle:  3,  villi 
eft.  pr.,  chorium  primitivum. 

evenly ;  to  protect  the  foetus  from  injury  through  the 
abdominal  walls  of  the  mother ;  to  give  room  for,  and 
to  prevent  the  mother  from  being  incommoded  by,  the 
foetus ;  and  to  facilitate  delivery  by  forming  an  elastic 
pad,  equably  dilating  the  external  parts. 

The  allantoic. — This  organ  is  far  more  highly 
developed  in  reptiles  and  birds  than  in  mammals.  It 
is  the  means  by  which  the  blood  is  aerated,  a  process 
which  in  mammals  is  very  early  effected  by  the 
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interchange  of  gases  between  a  thin  layer  of  the  foetal 
blood  and  a  corresponding  layer  of  the  maternal  blood 
in  the  placenta,  but  which  is  provided  for  in  birds 
and  reptiles  by  the  expansion  of  the  vascular  allantois 
immediately  beneath  the  shell  of  the  egg.    It  arises 


Fig.  72. — Diagram  to  show  the  Formation  of  the  Allantois. 

ch.pr,  Primary  chorion;  c7t.s,  secondary  chorion;  am,  amnion;  ds,  remains  of 
yolk  sac;  al,  allantois ;  aV,  neck  of  allantois. 

as  two  projections,  which  soon  coalesce,  from  the 
splanchnopleure  at  the  posterior  extremity  of  the 
embryo.  It  is  seen  in  Fig.  72,  where  it  is  marked  al, 
al',  and  grows  first  into  the  pleuro-peritoneal  cavity  of 
the  embryo  and  then  into  the  space  between  the  true 
and  the  false  amniotic  cavities.  It  gradually  extends 
over  the  embryo  in  the  direction  of  the  arrows  in  Fig. 
72,  and  lies  over  the  embryo  and  true  amnion  imme- 
diately beneath  the  shell  in  the  fowl's  egg,  from 
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which  it  is  separated  only  by  the  false  amnion  and 
vitelline  membrane.  It  never  attains  this  size  in 
mammals.  From  its  mode  of  origin  it  is  necessarily 
at  first  composed  of  two  layers,  the  endoderm  and  that 
portion  of  the  mesoblast  which  forms  the  fibro- 
muscular  layer  of  the  intestine ;  but  as  it  increases, 
the  endodermal  layer  aX  ceases  to  grow,  whilst  the 
mesodermal  plate  enlarging  applies  itself  to  the 
primitive  chorion  (ch.pr,  Fig.  72).  The  allantois  is 
the  medium  of  the  second  circulation  of  the  embryo, 
for  in  it  run  the  embryonic  vessels,  the  umbilical  artery, 
and  umbilical  vein,  the  branches  of  which,  reaching 
the  periphery  in  this  way,  shoot  into  certain  of  the 
villi  of  the  chorion,  converting  this  from  the  primary 
into  the  secondary  chorion.  Some  of  the  villi,  as 
shown  at  ch.pr  (Fig.  72),  remain  relatively  small,  and 
form  the  chorion  Iceve,  and  ultimately  disappear  ; 
whilst  others,  enlarging  ch.s^  becoming  leafy  and 
highly  vascular,  have  received  the  name  of  chorion 
frondosum^  or  placenta  foetalis.  The  commencement 
or  root  of  the  allantois  remains  as  the  urinary  bladder, 
its  outer  part,  still  patent,  forming  in  the  mammal  the 
urachus,  which,  however,  disappears  about  the  second 
month.  The  allantois  is  the  organ  which  receives  the 
urinary  constituents,  for  the  excretory  ducts  of  the 
primary  kidneys,  or  Wolffian  ducts,  open  into  it, 
and  the  secretion,  passing  by  the  allantois  through 
the  umbilicus,  enters  the  peripheral  part  of  the 
urinary  sac.  The  fluid  of  the  allantois  has  been  found  to 
contain  urate  of  ammonia  and  soda,  urea,  allantoin, 
grape  sugar  and  salts. 

The  placenta  foetalis,  the  origin  of  which  from 
the  amnion  and  allantois  has  just  been  described, 
applies  itself  to  a  corresponding  hypertrophied  portion 
of  the  mucous  membrane  of  the  uterus,  named  the 
placenta  uterina  (Fig.  73,  pl.u).  Whilst  the  yolk 
sac  (ds)    gradually   diminishes  in   size,    owing  to 
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the  absorption  of  its  contents,  the  amnion  enlarges, 
and  everywhere  becomes  applied  to  the  inner  surface 

I- 


Fig.  73. — Diagram  to  show  the  Formation  of  the  Placenta. 

ti,  Fterus;  dv,  decidua  vei'a;  dr,  decidua  reflexa;  ch.l,  chorion;  am,  amnion; 
al,  allantois;  rfs,  vitelline  duct  and  sac;  pL/,  placenta  foetalie ;  placenta 
iiterina ;  dom,  ductus  omphalo-niesentericus ;  hn,  the  point  of  junction  of  the 
amnion  with  the  skin ;  dn,  the  cavity  of  the  amnion. 

of  the  chorion  verum,  formed  by  the  union  of  the 
chorion  primitivum  and  allantois.  It  is  seen  to 
invest  the  vitelline  duct  (o?om),  the  stalk  of  the 
allantois,  and  the  vessels  it  supports,  which  collectively 
form  the  umbilical  cord  connecting  the  embryo  and 
the  uterus.  The  embryo  is  thus  contained  within  two 
concentrically  arranged  vesicles,  the  chorion  and  the 
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amnion,  which  are  both  continuous  with  the  body  of 
the  embryo  at  the  umbilicus  or  navel.    But  it  receives 


additional  coverings  from  the  mother,  for  as  soon  as 
the  fecundated  ovum  is  arrested  in  its  passage  down 
G  G — 5 
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the  uterus,  the  uterine  mucous  membrane  begins  to 
grow  up  around  it  like  the  cup  of  an  acorn,  and 
ultimately  entirely  invests  it.  The  proper  wall  of  the 
uterus  in  the  rest  of  its  extent  also  increases  in  thick- 
ness and  vascularity,  and,  as  the  foetus  enlarges,  that 
portion  which  has  grown  over  it,  and  which  is  known 
as  the  decidua  reflexa^  comes  into  contact  with  the  true 
mucous  membrane,  which  is  termed  the  decidua  vera. 
A  space  exists  between  the  decidua  vera  and  reflexa  up 
to  about  the  third  month,  but  at  the  fourth  month  the 
whole  cavity  of  the  uterus  is 
filled  with  the  ovum  and  the 
decidua  reflexa.  At  one  limited 
spot  (uu^  Fig.  73)  the  ovum 
lies  in  direct  contact  with  the 
decidua  vera,  but  in  the  rest  of 
its  extent  it  is  separated  from 
the  decidua  vera  by  the  decidua 
reflexa.  This  spot  is  the  deci- 
dua serotina ;  it  becomes  the 
placenta.  At  this  spot  the 
uterine  vessels  undergo  great 
enlargement,  and  form  irre- 
gular cavernous  spaces,  into 
which  the  villi  of  the  chorion 
dip.  The  vascular  villi  of  the 
foetus  are  received  into  the  wide 
blood-vessels  of  the  uterine  pla- 
centa, so  that  the  capillaries  of 
the  foetal  system  are  bathed  in 
uterine  sinuses;  and  although 
there  is  no  direct  communication  between  the  blood 
of  the  mother  and  of  the  foetus,  a  free  interchange  of 
gases  takes  place ;  and  whilst  the  uterine  blood  sup- 
plies nutritious  matter  to  the  foetus,  the  foetal  blood 
yields  up  to  it  again  effete  and  disintagrated  material 
The  ends  of  the  villi  are  formed  by  the  inosculating 


Fig.  75.— The  Extremity  of 

a  Villus  taken  from  a 

fresh  Placenta. 
aa  a,b.  Loops  filled  with  blood; 

a^,  enapty  loop;  &,  margin  of 

pellucid  villus. 
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loops  of  the  small  arteries  and  veins  of  the  foetus, 
which  are  characterised  by  the  peculiarity  of  making 
several  turns  into  different  loops  before  terminating 
in  a  vein  (Figs.  74,  75). 

The  structure  of  the  placenta  is  somewhat  compli- 
cated. The  maternal  portion  forms  the  general  frame- 
v/ork,  into  depressions  of  which  are  received  the 
convoluted  vessels  distributed  to  the  chorionic  villi 
of  the  foetus.  The  maternal  placenta  presents  a 
cavernous  texture,  and  sections  exhil  it  wide  spaces 
and  cavities,  which  intercommunicate  freely,  and  are 
separated  by  trabeculae.  If  a  vertical  section  be  made 
through  the  placenta,  the  following  structures  are  met 
with  in  passing  from  the  uterus  to  the  umbilical  cord : 

(1)  The  decidua  serotina. 

(2)  The  intermediate  cavernous  portion,  filled  with 
hypertrophied  and  frondose  foetal  villi. 

(3)  The  subchorionic  septum,  which  bounds  the 
maternal  portion  of  the  placenta. 

(4)  The  placental  part  of  the  chorion. 

(5)  The  gelatinous  layer. 

(6)  The  placental  part  of  the  amnion. 

The  umbilical  cord. — This  constitutes  the 
connection  between  the  mother  and  the  foetus.  Its 
average  length  is  50  to  55  ctm.,  or  about  20  inches.  It 
contains  the  two  umbilical  arteries,  the  umbilical  vein, 
the  remains  of  the  allaiitois  with  the  urachus,  and  is 
invested  by  the  amnion.  It  presents  a  spiral  twisting, 
which  is  usually,  though  not  always,  from  right  to  left 
in  passing  from  the  foetus  towards  the  placenta. 

Development  of  tlae  heart  and  vessels.— 
The  heart  is  formed  in  the  head  fold  of  the  embryo,  in 
the  general  pleuro-peritoneal  cavity  formed  by  the 
separation  of  the  splanchnopleare  from  the  somato- 
pleure.  In  the  duck  it  has  assumed  a  flask-like  form 
as  early  as  the  first  half  of  the  second  day  At  its 
anterior  end  is  a  slight  swelling  indicating  the  future 
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folds  of  the  splanchnoplevire.  In  front  it  divides  into 
two  primitive  aortse,  both  of  which  curve  upwards 
and  then  backwards,  pursuing  a  parallel  course 
towards  the  tail  in  the  mesoblast  on  each  side  of 
the  notochord,  immediately  beneath  the  protovertebrse. 
About  the  middle  of  their  course  each  gives  otF,  at 
right  angles  to  the  axis  of  the  embryo,  the  omphalo- 
mesaraic  artery,  which  is  distributed  over  the  pellucid 
and  vascular  areas.  The  vascular  area  is  bounded  by 
the  sinus  or  vena  terminalis.  The  blood  returns  from 
the  vascular  and  pellucid  areas  and  enters  the  heart 
behind  by  the  omphalo-mesaraic  veins.  This  is  the 
first  circulation  of  the  embryo.  Both  vessels  and  cor- 
puscles are  formed  entirely  from  the  cells  of  the  meso- 
blast, some  coalescing  to  form  the  walls  of  the  vessels, 
others  remaining  free  and  becoming  converted  into 
blood  corpuscles.  The  rhythmic  movements  of  the 
heart  are  visible  in  the  course  of  the  second  day  of  incu- 
bation in  the  fowl,  before  any  differentiation  of  tissue 
can  be  observed. 

The  aortic  arclies,— The  two  primitive  aortse, 
springing  from  the  bulbus  arteriosus,  unite  above  the 
alimentary  canal,  at  the  back  of  the  embryo,  to  form  the 
1st  pair  of  aortic  arches.  At  a  later  period  a  2nd,  3rd, 
4th,  and  5th  pair  of  arches  are  formed  behind  the  first- 
pair,  though  only  three  pairs  are  patent  at  any  one  time. 
Of  these  five  pairs,  the  central  portions  of  the  two  arches 
situated  most  anteriorly  disappear  at  an  early  period. 
The  first  pair,  before  it  disappears,  sends  off  two 
branches  on  each  side  towards  the  head.  Of  these,  one 
is  the  direct  continuation  of  the  bulbus  arteriosus,  and  is 
ultimately  called  the  external  carotid;  whilst  the  other, 
starting  from  the  point  where  the  aortic  arch  joins  its 
fellow  to  form  the  dorsal  aorta,  is  the  internal  carotid. 
By  the  disappearance  of  the  1st  and  2nd  pairs  of 
arches  the  carotids  eventually  arise  from  the  two  sides 
of  the  3rd  arch.    At  first  the  aorta  and  pulmonary 
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arteries  form  a  single  vessel  arising  from  the  heart.  As 
development  proceeds,  however,  the  common  trunk,  or 
bulbus  arteriosus,  divides  into  an  aorta,  which  retains 
its  connection  with  the  3rd  and  4th  arches,  whilst  the 
left  5th  arch  is  continuous  with  the  other  division, 
called  subsequently  the  pulmonary  artery,  the  light 
5th  arch  disappearing  or  re- 
maining only  in  rudiment,  as 
the  ductus  Botalli,  or  ductus 
arteriosus  ;  whilst  the  branch 
of  communication  between 
the  3rd  and  4th  arches  be- 
comes smaller.  The  4th  arch 
of  the  left  side  increases  in 
size,  and  represents  the  per- 
manent aorta,  its  fellow  of 
the  opposite  side  remaining  as 
the  right  subclavian  (Fig.  7 6), 

The  next  phase  is  the  in- 
creasing complexity  of  the 
heart,  which  doubles  upon  it- 
self, that  portion  which  is 
turned  to  the  right,  including 
the  curved  part,  being  the 
ventricular  portion,  the  left 
and  more  dorsally  situated 
part  being  the  auricular  por- 
tion. Each  of  the  four  ante- 
rior aortic  arches  occupies  a 
visceral  fold.  The  arches 
unite  to  form  the  dorsal  aorta, 
which,  after  a  short  course,  di- 
vides into  the  common  iliacs, 
each  of  which  gives  off  an  omphaio-mesaraic  artery 
to  the  yolk  sac  and  capillaries  to  the  tail. 

TSie  venous  system.— The  blood  returning  from 
the  capillaries  distributed  over  the  yolk  sac  enters  the 


Fig. 76.— Diagram  of  the  de- 
velopment of  the  Aortic 
Arches  in  a  Mammal. 

1,  Fir&t  aortic  arch,  which  ulti- 
mately disappears  ;  2,  second 
aortic  arch,  which  nndergoes 
the  same  fate  ;  e,  third  aortie 
arch  ;  ci,  internal  carotid ;  ce, 
external  carotid,  an  innomi- 
nate artery ;  sd,  fourth  arch 
of  the  ri^ht  side  dividing' 
into  the  right  vertebral  and 
sul)clavian  arteries ;  the  dot- 
ted line  below  it  represents 
the  transient  fifth  arch  ;  aa, 
the  left  fourth  arch,  com- 
municating by  db,  the  ductus 
Botalli  or  ductus  arteriosus, 
with  ap,  the  left  fifth  arch, 
which  becomes  the  pulmo-  • 
nary  artery  ;  the  left  fourth 
arch  is  continued  downwards 
to  form  the  aorta  at  ss;  it 
gives  off  the  left  subclavian 
artery. 
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omphalo-mesaraic  veins,  which  unite  to  form  a  common 
trunk.  The  first  or  most  posterior  part  is  called  the 
ductus  venosus,  whilst  the  part  near  the  auricle  is  the 
sinus  venosus.  The  object  of  the  first  foetal  circulation 
is  the  absorption  of  the  yolk,  and  with  the  shrivelling 


Fig.  77. — Diagram  to  show  t.lie  Early  Stages  of  tlie  Second  Embryonic 
Circulation.    (Seen  from  behind.) 

js.  Left  jugular  ;  jd,  riglit  jugular  ;  dc,  ductus  Cuvieri ;  ci,  cava  inferior ;  ved, 
right  cardinal  vein ;  vcs,  left  cardinal  vein  ;  csd,  superior  right  vena  cava  ; 
cfs,  superior  left  vena  cava  ;  vu,  iimhilical  vein  ;  a,  azygos  vein  ;  ha,  hemi- 
azygos vein  ;  ad,  right  innominate ;  as,  left  innominate  ;  sd,  right  sub- 
clavian vein  ;  ss,  left  subclavian  vein ;  cs,  cava  superior. 

of  the  yolk  consequent  on  the  absorption  of  its  contents, 
the  first  circulation  disappears.  About  this  time,  how- 
ever, small  arteries  begin  to  be  distributed  to  the  body 
of  the  embryo  by  the  aorta,  and  the  capillaries  reunite 
to  form  two  main  trunks  on  each  side,  the  jugular  or 
anterior  cardinal  veins  and  the  posterior  cardinal 
veins,  which  run  parallel  to  the  long  axis  of  the  body, 
a  little  external  to  the  protovertebrse.  The  two  veins 
of  each  side  soon  unite  to  form  a  common  trunk  at 
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right  angles  to  themselves,  which,  running  inwards, 
opens  into  the  sinus  venosus.  These  trunks  are  the 
ductus  Cuvieri  [dc,  Fig.  77,  a).  The  jugular  or  superior 
cardinal  vein  receives  the  blood  returning  from 
the  head  and  neck,  and  is  soon  joined  by  the  vertebral 
and  subclavian  veins,  returning  the  blood  from  the 
head  and  anterior  limb.  '  The  inferior  cardinals 
return  the  blood  from  the  Wolffian  bodies. 

About  the  fourth  week  of  foetal  life  the  vena 
cava  inferior  (ci)  makes  its  appearance,  conveying 
the  blood  to  the  heart  from  the  tissues  above  the 
Wolffian  bodies ;  and  as  these  bodies  diminish  in  size, 
and  the  true  kidneys  increase,  the  inferior  cardinals 
atrophy,  as  shown  in  dotted  outline  (Fig.  77,  b), 
and  the  vena  cava  inferior  enlarges  ;  the  anterior 
ends  of  the  inferior  cardinals  unite  to  form,  with 
others  on  the  left  side,  the  small  or  hemi-azygos  vein 
(Jia),  and  on  the  right  the  azygos  {a),  which  are 
connected  by  an  oblique  communicating  vein.  The 
ductus  Cuvieri  become  absorbed  into  the  growing 
sinus  venosus,  or,  according  to  some,  form  the 
superior  vense  cavae,  so  that  there  are  now  (Fig.  77,  c) 
three  large  veins  returning  blood  into  the  heart,  the 
inferior  vena  cava,  with  which  the  ductus  Cuvieri  and 
umbilical  vein  have  coalesced,  and  the  right  and  left 
superior  vena  cava.  A  new  vein  estalishes  a  com- 
munication between  the  right  and  left  jugular  veins, 
and  is  the  rudiment  of  the  future  vena  innominata 
sinistra.  The  left  vena  cava  soon  disappears  (shown 
in  dotted  outline.  Fig.  77,  c),  so  that  the  blood 
coming  from  the  left  jugular  vein  passes  into  the  now 
single  vena  cava  superior  {cs) ;  the  portion  of  the 
right  jugular  below  the  point  of  opening  of  the  right 
subclavian  vein  (sd)  now  becomes  the  right  innomi- 
nate vein  (ad). 

Circulation  of  tUe  foetus. — It  has  been  shown 
that  in  the  fowl  the  first  circulation  in  the  embryo  was 
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developed,  in  order  to  enable  it  to  absorb  the  materials 
for  its  nutrition,  from  the  vitelline  sac  ;  and  it  was 
noted,  that  whilst  the  extent  of  this  circulation 
through  the  omphalo-raesaraic  vessels  was  great  in  the 
meroblastic  egg,  in  accordance  with  the  large  amount 
of  food  yolk  it  contains,  it  was  comparatively 
small  and  evanescent  in  the  holoblastic  egg,  on  account 
of  the  early  attachment  of  the  ovum  to  the  uterine 
walls,  from  whence  it  can  draw  its  supply  of  nutri- 
ment by  the  formation  of  the  chorionic  villi  with  their 
contained  allantoic  vessels.  These  gradually  form  the 
placenta,  and  it  is  at  the  placenta  that  the  blood  of 
the  foetus,  without  intermingling  with  the  blood  of  the 
mother,  receives  by  osmosis  the  pabulum  it  requires, 
and  gives  up  the  carbonic  acid  it  contains  in  exchange 
for  oxygen.  The  necessity  that  exists  for  these  pro- 
cesses of  nutrition  and  respiration  to  take  place 
external  to  the  body  of  the  mature  foetus  involves  some 
special  arrangements  of  the  vascular  system,  and  the 
course  of  the  blood  in  the  foetus  is  as  follows : — Com- 
mencing at  the  placenta,  aerated  and  well-nourished 
blood  runs  up  the  single  umbilical  vein  to  the  navel ; 
here  it  enters  the  body  of  the  foetus,  and  after  a  short 
course  reaches  the  liver,  where  the  first  special 
arrangement  occurs,  for  it  splits  into  two  parts,  one 
supplying  the  right  and  left  .lobes  of  the  large  liver, 
the  other  passing  through  the  ductus  venosus,  which 
lies  in  the  longitudinal  fissure  of  the  liver,  into  the 
vena  cava  inferior,  which  also  receives  the  hepatic 
veins  containing  the  blood  that  has  circulated  through 
the  liver.  The  blood  traversing  the '  inferior  vena 
cava  enters  the  right  auricle  of  the  heart ;  and  here 
the  second  special  arrangement  occurs,  for  instead  of, 
as  in  the  adult,  passing  into  the  right  ventricle,  it 
is  directed  by  the  Eustachian  valve  along  the  back 
of  tlie  auricle  to  the  foramen  ovale,  and  immediately 
enters  the  left  auricle.    The  left  auricle  contracting 
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propels  it  into  the  left  ventricle^  through  the  mitral 
valve,  and  from  this  it  is  driven  into  the  aorta 
through  the  sigmoid  valves,  and  is  distributed  to  the 
head  and  body  as  usual.  The  object  of  this  disposition 
is  apparently  to  allow  aerated  blood  to  reach  the  head 
in  as  pure  and  highly  aerated  a  condition  as  possible. 
The  blood  returning  from  the  head  descends  through 
the  jugular  and  innominate  veins  into  the  superior 
vena  cava,  and  from  thence  into  the  right  auricle. 
This  current  or  column  of  blood  is  situated  in  front  of 
that  ascending  from  the  inferior  vena  cava,  and 
enters  the  right  ventricle  through  the  tricuspid  valve. 
When  the  right  ventricle  contracts,  the  blood  is  driven 
into  the  pulmonary  artery  through  the  semilunar 
valves ;  and  here  the  third  special  arrangement  exists, 
for  the  lungs  are  not  yet  in  action,  and  instead  of 
being  distributed  to  them,  as  in  the  adult,  it  is  directed 
through  a  channel  given  off  by  the  left  pulmonary 
artery,  named  the  ductus  arteriosus,  into  the  aorta,  just 
beyond  the  point  where  the  left  subclavian  is  given  ofl 
from  that  vessel.  At  this  point  of  the  aorta,  then, 
there  is  a  junction  of  two  streams,  one  which  has 
come  direct  from  the  placenta,  and  is  therefore  fully 
aerated,  and  the  other  which  has  traversed  the  head, 
and  is  unaerated.  The  body  generally  is  supplied 
with  this  mixed  blood,  which,  passing  through  the  de- 
scending aorta,  the  common  iliacs,  and  the  umbilical 
artery,  reaches  the  placenta,  where  it  again  under- 
goes aeration,  and  recommences  its  course. 

As  soon  as  the  child  is  born  respiration  com- 
mences, the  lungs  become  expanded,  the  pulmonary 
vessels  permit  the  blood  to  traverse  them  freely,  and 
the  ductus  arteriosus,  no  longer  required,  contracts  and 
shrivels,  though  its  remains  are  always  visible.  The 
detachment  of  the  placenta  leads  to  immediate  arrest 
of  the  flow  of  blood  through  the  umbilical  arteries ; 
no  return  current  consequently  takes  place  through 
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the  umbilical  vein  ;  the  ductus  venosus  contracts,  the 
currents  of  the  superior  and  inferior  venae  cavse  mix, 
and  with  this  the  Eustachian  valve  and  foramen  ovale 
become  obsolete. 

Bevelopment  of  tlie  brain. — The  brain  is 
formed  from  the  fore  part  of  the  medullary  plate,  and 

before  the  closure  of  the 
medullary  folds.  Two  ves- 
icles first  appear,  and  the 
posterior  of  these  divid- 
ing into  two  makes  three, 
the  fore-,  mid-,  and  hind- 
brain  (a,  6,  c.  Fig.  78,  b). 
The  fore-hrain  becomes 
converted  into  the  cere- 
bral hemispheres,  the 
thalamencephalon,  and 
the  primary  optic  vesicles. 
The  mid-brain  develops 
into  the  optic  lobes,  or 
corpora  quadrigemina  and 
the  crura  cerebri ;  and  the 
hind-brain  becomes  con- 
verted into  the  cerebel- 
lum. The  brain  early 
presents  a  remarkable 
curvature,    named  the 


Fig-.  78.— Diagram  showing  the 
curved  Form  of  the  young  Em- 
bryo :  A,  natural  size,  b,  magni- 
fied. The  head  is  seen  to  be 
sharply  curved  downwa,rds.  In 
the  fore  and  lower  part  of  the 
head  is  the  eye;  immediately  be- 
low which  are  the  visceral  arches. 
The  vitelline  sac  is  seen  reduced 
in  size  and  attached  by  a  long  pe- 
dicle to  the  body  of  the  embryo. 


cranial  flexure^  the  fore 
part  bending  down  in 
front  of  the  extremity  of 
the  notochord.  Soon 
after  this  appears  the 
hind-brain^  the  cavity  of 
which  is  the  fourth  ven- 
tricle, and  is  divided  into  two  regions  :  a  posterior, 
the  medulla  oblongata  (c?.  Fig.  78,  b)  ;  and  an  anterior, 
the  cerebellum  (c).    The  roof  of  the  medulla  becomes 
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attenuated,  then  breaks  down,  and  the  nerves  of  the 
two  sides,  originally  in  contact  at  the  dorsal  summit 
of  the  brain,  appear  to  arise  at  the  sides  of  the  brain. 
The  blood-vessels  of  the  pia  mater  form  a  plexus 
over  it,  which  is  the  choroid  plexus  of  the  fourth 
ventricle.  The  anterior  portion  thickens,  and  becomes 
the  cerebellum,  with  its  central  and  two  lateral 
lobes. 

The  mid-lrain  is  the  single  vesicle  which  has  the 
aquseductus  Sjlvii  for  its  cavity,  with  the  pons 
surrounding  it  posteriorly,  and  the  corpora  quadri- 
gemina  anteriorly.  The  fore-hrain  is  primarily  a 
single  vesicle,  but  early  buds  off  the  optic  vesicles, 
and  almost  coincidently  with  them  a  prolongation  in 
front,  which  is  soon  divided  off  from  the  fore-brain 
by  a  constriction.  The  posterior  part  becomes  the 
thalamencephalon  ;  the  anterior  forms  the  rudiment  of 
the  cerebral  hemispheres  and  olfactory  lobes. 

The  cavity  of  the  thalamencephalon  is  the  third 
ventricle ;  posteriorly  it  is  continuous  with  the  ven- 
tricle of  the  mid-brain,  and  anteriorly  it  opens  into 
the  cerebral  rudiment,  the  .  aperture  becoming  the 
foramen  of  Monro. 

The  floor  forms  anteriorly  the  optic  nerves  and 
chiasma,  and  posteriorly  the  corpora  albicantia  and 
the  infundibulumj  which,  coming  into  contact  with 
an  involution  from  the  mouth,  gives  rise  to  the 
pituitary  body.  The  sides  of  the  thalamencephalon 
thicken  to  form  the  optic  thalami,  which  become 
subsequently  united  by  the  grey  or  middle  com- 
missure. The  roof  forms  the  pineal  gland  and  the 
posterior  commissure,  and  a  vascular  plexus  forms 
above  it,  which  is  the  tela  choroid ea  of  the  third 
ventricle. 

Tlie  cerebral  hemisptieres. — These  develop 
from  the  cerebral  rudiment  of  the  fore-brain,  and 
gradually  attain  their  predominating  size.    The  floor  of 
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the  fore-brain  gives  rise  to  the  corpora  striata,  and  the 
roof  to  the  hemispheres,  which  are  separated  by  a  deep 
groove.  The  cavity  on  each  side  is  a  lateral  ventricle; 
a  septum  also  forms,  from  which  the  falx  cerebri  is 
derived.  The  outer  wall  of  each  hemisphere  undergoes 
great  thickening,  whilst  the  inner  wall  becomes  thinner, 
and  two  curved  folds  form  in  it,  the  upper  of  which 
is  the  hippocampus  major,  or  cornu  Ammonis,  and  the 
lower  gives  rise  to  the  choroid  plexus  of  the  lateral  ven- 
tricle. By  the  fusion  of  the  inner  walls  of  the  hemi- 
spheres the  septum  lucidum  is  formed,  which  in  man 
is  partially  separated  by  a  cavity,  the  fifth  ventricle, 
which  has  no  communication  with  the  true  ventricles 
of  the  brain.  In  the  anterior  part  of  this  septum  the 
fibres  of  the  anterior  commissure  are  formed. 

-The  cerebral  hemispheres  in  their  primitive  state 
are  quite  smooth,  but  there  arise  a  series  of  convolu- 
tions, separated  by  sulci,  which  give  it  a  characteristic 
aspect.  The  most  important,  and  the  first  to  appear, 
is  the  Sylvian  fissure,  situated  at  the  root  of  the 
hemispheres.  The  part  of  the  brain  lying  in  this 
fissure  is  the  island  of  Reil. 

Development  of  tlie  cranial  and  spinal 
nerves. — The  nerves  are  outgrowths  of  the  central 
nervous  system.  The  spinal  nerves  arise  from  a 
median  and  dorsal  ridge  of  cells,  named  the  neural 
crest,  by  two  lateral  outgrowths,  which  are  the  rudi- 
ments of  the  posterior  roots.  The  posterior  roots  are 
connected  by  a  longitudinal  commissure  running  along 
the  whole  length  of  the  neural  crest.  They  develop  a 
ganglion,  and  shift  their  point  of  attachment  from  the 
crest  to  the  lateral  region  of  the  cord,  becoming  for  a 
time  altogether  detached.  The  anterior  roots  grow, 
somewhat  later  in  point  of  time,  from  the  anterior 
part  of  the  cord ;  they  have  no  ganglion,  are  not 
united  by  a  commissure,  and  do  not  shift  their  point 
of  attachment.    The  cranial  nerves  seem  to  arise,  like 
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the  spinal  nerves,  from  a  neural  crest,  which  extends 
as  far  as  the  root  of  the  mid-brain,  and  is  continuous 
with  the  crest  of  the  cord.  The  nerves  arising  from 
it  are  the  third,  fifth,  seventh,  and  auditory  as  a  single 
root,  the  glosso-pharyngeal  and  the  vagus. 

Development  of  the  eye, — The  numerous  and 
complicated  structures  of  which  the  eye  is  composed 
are  developed  in  part  from  the  integument  of  the 
embryo,  partly  from  the  mesoblast,  and  in  part  from 
the  central  nervous  system.  It  begins  (Fig.  79)  with 
the  appearance  of  the  optic  vesicles,  a  pair  of  hollow 
outgrowths  from  the  anterior  cerebral  vesicle,  the 


Fig.  79.— A,  Early  ;  B,  Later  Stage  of  Development  of  the  Eye. 

A.  tf,,  Epiblast  thickened  at  e^in  front  of  the  optic  vesicle,  the  indented  portion 
of  which,  ov,  forms  the  retina,  whilst  ov'  becomes  the  optic  nerve  ;  p,  cavity 
in  the  rudimentary  lens.  b.  The  letters  have  the  same  signification,  but  the 
lens,  I,  is  seen  to  be  completely  detached,  and  to  lie  in  the  optic  cup  in  con- 
tact with  the  rudiment  of  the  retina. 


cavity  of  which  extends  into  their  interior.  The 
stalk  elongates,  and  becomes  the  optic  nerve.  The 
formation  of  the  lens  and  of  the  ojotic  cup,  or  secondary 
optic  vesicle,  now  commences.  The  lens  is  formed  by 
a  thickening  of  the  epiblast,  which  indents  the  ex- 
tremity of  the  primary  optic  vesicle,  and  pushes  it 
back  till  the  front  wall  of  the  vesicle  is  in  contact 
with  the  posterior  wall,  and  the  cavity  of  the  vesicle 
becomes  almost  obliterated.  The  front  wall  of  the 
cup  becomes  the  retina  j  the  posterior  wall,  the 
tesselated  pigment  layer  of  the  retina.  By  the 
closure  of  the  mouth  the  pit  of  the  involuted  epiblast 


A 
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becomes  a  completely  closed  sac;  and  the  lens, 
separating  from  the  epiblast,  forms  an  oval  vesicle 
with  a  small  central  cavity,  lying  in  the  pit.  Soon, 
however,  a  space  is  formed  between  the  lens  and  the 
wall  of  the  cup,  which  comes  to  be  occupied  with  the 
vitreous  humour.  And  now  it  must  be  explained,  that 
owing  to  the  obliquity  of  the  position  of  the  optic 
nerve,  which  slants  downwards,  inwards,  and  backwards 
towards  the  vesicle,  the  lenticular  thickening  presses 
in  the  front  wall  of  the  vesicle,  not  in  a  line  with  the 
axis  of  the  stalk,  but  in  a  line  forming  an  obtuse  angle 
with  it.  The  margins  of  the  cup  continue  to  grow  up 
around  the  lens  everywhere,  except  at  the  lower  part, 
which  corresponds  with  the  stalk,  or  optic  nerve,  and 
here  a  fissure,  the  choroidal  fissure,  long  remains, 
which  sometimes,  instead  of  closing,  remains  patent, 
and  constitutes  a  coloboma  of  the  choroid.  The 
fissure  is  in  the  same  line  as  the  optic  nerve,  and 
through  it  the  mesoblastic  tissue,  from  which  the 
connective  tissues  within  the  eye  are  formed,  gains 
entrance  into  the  cavity  of  the  optic  cup.  The 
anterior  wall  of  the  optic  cup,  which  it  has  been  said 
forms  the  retina,  now  presents  a  distinction  of  parts  : 
the  posterior  half  develops  into  the  true  retina ;  the 
anterior  half  becomes  the  seat  of  the  deposition  of 
pigment,  is  thrown  into  folds,  covers  the  ciliary 
processes,  and  forms  the  uvea  at  the  back  of  the  iris. 
The  ciliary  processes  themselves,  with  their  vessels, 
the  iris,  the  ciliary  muscle,  and  the  vitreous,  are  all 
formed  from  the  mesoblast,  which  has  entered  the  eye 
through  the  choroidal  fissure.  The  cornea,  which  is 
composed  essentially  of  three  layers,  the  external 
epithelium,  the  cornea  proper,  and  the  membrane  of 
Descemet,  appears  to  be  derived  from  two  sources. 
The  external  epithelium  proceeds  from  the  epiblast  j 
the  internal  layer  of  cells,  or  membrane  of  Descemet, 
and  the  cornea  proper,  originate  in  mesoblast. 
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Development  of  tlie  ear,— The  auditory  vesicle 
in  all  Yertebrata  commences,  according  to  Balfour,  with 
the  formation  of  a  thickened  patch  of  epiblast,  at  the 
side  of  the  hind-brain,  on  the  level  of  the  second  vis- 
ceral cleft.  {Bee  page  518.)  This  patch  soon  becomes 
invaginated  in  the  form  of  a  pit,  to  the  inner  side  of 
which  the  ganglion  of  the  auditory  nerve,  which  is 
originally  a  branch  of  the  seventh  nerve,  closely 
applies  itself.  The  pit  closes,  and  the  vesicle  so 
formed  retreats  from  the  surface,  but  remains  con- 
nected with  it  by  an  elongated  duct.  The  inferior 
part  of  the  sac  is  produced  into  a  process,  which  is  the 
rudiment  of  the  cochlear  canal ;  the  superior  part  is 
prolonged  into  a  blind  sac,  the  aquceductus  vestihuli. 
The  main  body  of  the  vesicle  becomes  the  utriculus 
and  semicircular  canals,  whilst  the  inferior  prolonga- 
tion forms  the  sacculus  hemisphericus  and  fcochlea. 
The  organ  of  Corti  is  developed  from  the  epithelium 
of  the  cochlear  canal.  The  Eustachian  tube  and 
tympanic  cavity  are  believed  to  be  derived  from  the 
inner  part  of  the  hyomandibular,  or  first  visceral 
cleft.  The  meatus  auditorius  ex^ernus  is  formed  at  the 
region  of  a  shallow  depression,  when  the  closure  of 
the  first  visceral  cleft  takes  place.  The  tympanic 
membrane  is  derived  from  the  tissue  which  separates 
the  meatus  auditorius  externus  from  the  tympanic 
cavity,  and  presents  a  hypoblastic  epithelium  on  its 
inner  aspect,  an  epiblastic  epithelium  on  its  outer 
aspect,  and  an  intermediate  mesoblastic  layer. 

Olfactory  org-ans. — In  all  the  Yertebrata  the 
olfactory  organs  commence,  like  the  eyes  and  ears, 
from  a  pair  of  thickened  patches  of  epiblast,  which, 
in  the  case  of  the  olfactory  organs,  are  situated  on  the 
under  side  of  the  fore-brain,  immediately  in  front  of 
the  mouth,  and  soon  become  involuted  into  the  form 
of  a  pit,  the  lining  cells  of  which  become  the  olfactory, 
or  Schneiderian,  membrane ;  the  surface  of  the  walls 
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of  the  pit  become  greatly  increased  by  foldings.  The 
'  olfactory  nerve  attaches  itself  to  the  olfactory  epi- 
thelium at  a  very  early  period. 

Development  of  the  alanaentary  canal*  — 
The  alimentary  canal  results  from  the  folding  in  of 
the  splanchnopleure,  and  is  at  first  straight  and 
"  parallel  to  the  vertebral  column.  It  is  connected 
with  the  omphalo-mesaraic  duct  at  a  point  which 
corresponds  with  the  lower  segment  of  the  ileum, 
but  the  duct  atrophies,  and  usually  disappears 
about  the  fourth  month,  though  a  diverticulum  some- 
times remains  persistent.  The  attachment  is  at  first 
very  broad,  and  only  a  thin  stratum  of  mesoblast 
separates  the  hypoblast  of  the  canal  from  the  noto- 
chord  and  protovertebrse ;  but  it  subsequently  atten- 
.  uates,  and  becomes  the  mesentery.  In  the  fourth 
week  the  part  connected  with  the  umbilical  vesicle 
loops  forward.  The  part  above  the  umbilical  opening 
becomes  the  small  intestine  ;  the  part  below,  almost 
wholly. large  intestine;  the  limit  between  the  two  is 
soon  indicated  by  a  projection,  the  caecum.  The 
intestine  separates  from  the  abdominal  wall,  the 
remains  of  the  attachment  appearing  at  the  third 
month,  and  sometimes  later,  as  a  thread-like  appen- 
dage to  the  lower  part  of  the  ileum..  The  convolutions 
then  begin  to  form,  and  an  enlargement  in  the 
region  of  the  liver,  which  is  the  stomach. 

The  posterior  opening  of  the  intestine  is  formed  by 
the  establishment  of  a  communication  between  the 
cloaca,  or  tube  common  to  the  gut  and  allantois,  and 
a  depression  on  the  outside  of  the  body,  about  the 
sixth  or  seventh  week.  A  septum,  which  is  the 
future  perinseum,  now  grows  up,  which  separates  the 
intestine  from  the  organs  forming  the  allantois. 

Various  glands  arise  as  outgrowths  of  the  intesti- 
nal canal,  the  mass  of  the  gland  being  formed^ of 
mesoblast,  and  the  lining  of  the*  ducts  of  hypoblast. 
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Amongst  these  glands  are  the  salivary  glands,  the 
lungs,  the  pancreas,  and  the  liver.  The  lungs  appear 
as  two  hollow  vesicles,  which  give  off  hollow  branches 
like  a  gland,  and 
subsequently  have  a 
duct  or  tube  common 
to  both,  which  is  the 
trachea,  and  the 
larynx  forms  at  the 
upper  part  of  the 
trachea.  The  epi- 
glottis and  thyroid 
cartilage  proceed 
from  the  rudiment  of 
the  tongue.  The 
large  liver  com- 
mences as  a  projec- 
tion formed  of  two 
primitive  hepatic 
ducts  which  divide 
and  subdivide.  At 
the  periphery  of  the 
ducts  are  solid  masses 
of  cells,  which  pro- 
ceed from  the  hypo- 
blast. The  liver  is 
of  large  size  at  the 
second  month,  and 
secretes  bile  as  early 
as  the  third  month. 
The  spleen  arises  in 
a  fold  of  the  meso- 
gastrium  about  the 
second  month.  The 
adrenals  are  at  first  larger  than  the  kidneys  (Fig.  80). 

Meconiuiii. — Meconium  is  the  feculent  matter 
contained  in  the  rectum  and  large  intestine  of  the 
H  H — 5 


Fig.  80.— Embryo  of  the  Tenth  Week. 
The  abdomen  has  been  laid  open  and 
the  liver  and  intestines  removed. 

a.  Palatine  fissure  ;  6,  tongue ;  c,  carotid  of  right 
side ;  ci,  thyroid  body  ;  e,  thymus  gland  ;  /, 
right  ventricle ;  g,  left  ventricle ;  /?,  ripht 
auricle  :  i,  left  auricle ;  fc,  right  lung  ;  I,  dia-. 
phragin,  still  membranous  ;  m,  portion  of 
liver  attached  to  diaphragm ;  n,  n,  supra- 
renal capsules  :  o,  kidneys;  laminaa  of 
mesentery  ;  p,  ureters :  r,  rectum,  divided  ; 
«,  $,  Wolffian  ducts  and  remains  of  Wolffian 
bodies  ;  t,  t,  ovaries  ;  u,  sinus  uro-genitalie  ; 
v,  future  Fallopian  tubes  ;  w,  future 
round  ligament ;  x,  clitoris ;  y,  cleft  of 
clitoris ;  z,  fold  behind  anus. 
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new-born  child  before  any  food  has  been  taken.  It 
represents  the  products  of  the  decay  of  the  body 
during  intra-uterine  life.  The  chemical  constituents 
are  bilirubin  and  biliverdin,  biliary  acids,  cholesterin, 
mucin,  traces  of  formic  acid,  and  other  volatile  fatty 
acids,  and  non- volatile  fatty  acids.  It  contains  80  per 
cent,  of  water,  and  about  1  per  cent,  of  ashes 
(Zweifel). 

Oeiiiio-iiriiiary  apparatus.  — The  excretory 
organs  of  the  Yertebrata  consist  of  three  distinct 
glandular  bodies,  and  of  three  ducts  : 

(1)  The  'pronephros^  or  head  kidney,  a  small  glan- 
dular body,  usually  with  one  or  more  ciliated  funnels 


Fig,  81. — Diagram  showing  First  Appearance  of  Genito-Urinary 
System, 

Som.  pL,  Somatopleiire  ;  splan.  pL,  splanclinnpleure ;  md,  MUllerian  duct ; 
WD,  Wolffian  duct ;  ov,  rudjuient  of  ovary  or  testis. 


opening  into  the  body  cavity,  near  which  is  a  vascular 
glomerulus.  Its  duct,  which  forms  the  basis  for  the 
generative  and  urinary  ducts,  is  the  segmental  duct. 

(2)  The  Wolffian  body,  or  mesonephros,  consisting 
of   a   series   of  segmental   tubes,  opening  at  one 
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extremity  into  the  body  cavity,  and  at  the  other  into 
the  segmental  duct.  This  duct  divides  into  two,  the 
Wolffian  duct  and  the  Miillerian  duct. 

(3)  The  kidney  proper,  or  metanephros.  Its  duct 
is  an  outgrowth  from  the  Wolffian  duct. 

In  the  Araniota  (reptiles,  birds,  and  mammals)  the 
Wolffian  body  is  a  purely  embryonic  organ  and 
atrophies,  whilst  the  metanephros  takes  its  place  and 
forms  the  permanent  kidney.  In  the  development  of 
each  organ  the  duct  is  first  seen.  The  first  appearance 
of  the  Wolffian  duct^  which  in  mammals  is  really  the 
homologue  of  the  segmental  duct,  is  a  solid  rod  of 
cells,  primarily  derived  from  the  somatic  mesoblast  of 
the  intermediate  cell  mass  (Fig.  81,  wd).  The  solid 
rod  soon  becomes  tubular.  The  Wolffian  body  then 
appears  in  the  form  of  a  series  of  convoluted  tubules, 
closely  resembling  the  future  kidney,  commencing  in 
Malpighian  bodies  with  vascular  glomeruli  and  opening 
into  the  duct,  and  the  duct  opens  into  the  lower  part 
of  the  alimentary  canal.  The  duct  of  Midler  now  ap- 
pears as  a  furrow,  which  soon  becomes  a  tube,  on  the 
outer  surface  of  the  projection  formed  by  the  Wolffian 
body,  and  opens  below  into  the  cloaca,  above  the 
Wolffian  duct.  The  duct  of  the  true  kidneys  now 
forms,  as  the  result  of  a  constriction  of  the  enlarged 
Wolffian  duct,  the  new  ureter  lying  on  the  dorsal 
surface  of  the  Wolffian  duct,  and  soon  opening 
separately  into  the  cloaca.  From  the  upper  end  of 
the  ureter^  diverticula  are  given  off,  wluch  are  the 
tubuli  uriniferi,  and  the  kidney  is  formed  from  the 
mesoblast  surrounding  them.  The  ridge  of  mesoblast 
at  the  base  of  the  somatopleure  is  covered  with 
epithelium  of  a  columnar  character,  whilst  that 
covering  the  adjoining  portions  of  the  somatopleure 
and  splanchnopleure  is  tesselated.  It  is  from  the 
proliferation  of  the  columnar  cells,  and  of  the 
subjacent  fusiform  cells  of  the  mesoblast,  that  the 
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sexual  organs  arise,  and  in  both  males  and  females 
the  appearances  are  identical ;  large  cells,  the 
'primordial  ova,  proceeding  from  the  columnar  epi- 
thelial cells  lying  near  the  surface  of  the  genital 
ridge.  In  males  the  cells  and  ova  disappear,  but  in 
females  they  enlarge,  sink  into  the 
stroma,  and  carry  with  them  some 
ordinary  cells,  which  unite  to  form 
the  Graafian  follicles.  The  large  nu- 
cleus of  the  primordial  ovum  becomes 
the  germinal  vesicle,  while  the  ovum 
itself  remains  as  the  true  ovum  (Foster 
and  Balfour). 

In  males  the  testes  arise  in  close 
proximity  to  the  Wolffian  bodies,  by 
the  formation  of  tubuli  and  the 
growth  of  the  mesoblast.  The  sub- 
sequent changes  in  the  genito-uri- 
nary  apparatus  are,  that  in  birds  the 
Wolffian  body  is  converted,  in  the 
cock,  into  the  coni  vasculosi  and 
epididymis ;  in  the  hen,  into  parts 
of  the  parovarium.  The  Wolffian 
duct  remains  as  the  vas  deferens 
in  the  male,  and  atrophies  in  the 
female.  The  duct  of  Milller  remains  in  the  female  as 
the  oviduct,  in  the  male  it  atrophies  (Fig.  82). 

Skeleton, — The  notochord,  probably  developed 
from  the  hypoblast,  is  the  first  rudiment  of  a  skeleton, 
and  occupies  the  middle  line  of  the  body  just  beneath 
the  medullary  canal.  It  is  a  cylindrical  rod  composed 
of  nucleated  cells,  at  first  in  immediate  contact  with 
each  other,  but  subsequently  separated  by  a  blastema, 
or  matrix,  both  cells  and  matrix  being  enclosed  in  a 
sheath.  It  reaches  at  first  nearly  from  one  end  of  the 
body  to  the  other,  but  the  brain  soon  begins  to  extend 
beyond,  and  bend  over  in  front  of  it.    In  some  of  the 


F"g.  82.— Magni- 
fied representa- 
tion of  the  Urin- 
ary and  Genital 
Organs  of  a  Hu- 
man Embryo 
eight  lines  in 
length. 

a.  Right  suprarenal 
capsule,  complete- 
ly covering  kid- 
ney; &,  left  kidney, 
exposed  by  the  re- 
moval of  supra- 
renal capsule ;  c,c, 
ducts  represent- 
ing vas  deferens 
orFallopian  tubes; 
d,  ducts  of  Wolf- 
flan  body ;  e,  testis 
or  ovary;  /,  sinus 
urino-genitalis. 
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lower  fishes  the  notOchord  is  persistent,  but  in  higher 
animals  it  forms  a  kind  of  basis,  around  which  the 
vertebrae  are  formed.  The  vertebrae  appear  in  the 
form  of  cubical  masses  in  the  vertebral  plate  on  each 
side  of  the  notochord,  and  these  masses  are  termed 
frotovertebrce.  Ossification  commences  at  an  early 
period  in  the  pro  to  vertebrae  as  early  as  the  tw^elfth 
day  in  the  fowl,  the  first  vertebra  to  ossify  being  the 
second  or  third  cervical,  but  a  portion  of  each  proto- 
vertebra  remains  as  a  muscle  plate  and  a  nerve 
ganglion.  The  ribs  are  developed  from  the  lateral  and 
inferior  part  of  the  protovertebrae.  In  man  the  ossi- 
fication of  the  vertebrae  begins  at  the  end  of  the 
second  or  the  beginning  of  the  third  month,  with  three 
centres  for  each  vertebra,  one  for  the  body,  and  one 
for  the  arch  on  each  side;  but  these  parts  do  not 
coalesce  till  the  second  year  after  birth.  Accessory 
centres  of  ossification  are  formed  at  the  tips  of  the 
spinous  and  transverse  processes,  and  on  the  upper  and 
lower  surfaces  of  the  bodies.  The  first  appearance  of 
the  skull  is  in  the  form  of  a  mass  of  mesoblastio  tissue 
in  front  of  the  protovertebrae,  which,  unlike  the 
vertebral  plates,  does  not  undergo  any  segmentation. 
This  is  named  the  investing  mass,  because  it  surrounds 
and  invests  the  end  of  the  notochord,  and  extends 
forwards,  forming  the  base  of  the  skull.  Its  anterior 
part  pushes  forth  two  horns,  the  trabeculae  cranii, 
which  separate  to  enclose  the  pituitary  fossa,  and  re- 
unite in  front  of  it  to  form  the  naso-frontal  process. 
From  the  margins  of  the  basal  mass,  a  membranous 
investment,  soon  becoming  partly  cartilaginous,  rises, 
which  covers  the  brain.  The  primordial  cranial  axis, 
therefore,  consists  of  three  parts ;  a  cartilaginous 
base  ;  membranous  and  partly  cartilaginous  lateral 
walls;  and  a  membranous  roof.  The  several  bones 
are  formed  by  separate  points  of  ossification  appearing 
in  these  parts. 
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Hevelopmeiit  ©f  the  i^kull. — The  primordial 
cranium,  then,  is  at  first  membranous,  and  is  composed 
of  mesoblastic  tissue.  The  cartilaginous  capsule  by 
which  it  is  replaced  appears  in  the  second  month. 
The  cartilaginous  capsule  consists  of  the  three 
following  parts:  (1)  A  pair  of  cartilaginous  plates 
termed  the  parachordals,  at  first  developed  upon 
the  sides  of  the  notochord  with  which  they  form 
a  continuous  plate  (known  as  the  basilar  plate).  This 
plate  forms  a  floor  for  the  hind-  and  mid-brain. 
(2)  The  parachordals  are  continued  forwards  as  two 
bars  of  cartilage,  the  traheciilai  basis  cranii,  which 
serve  as  a  floor  for  the  fore-brain.  The  trabeculse  are 
united  behind,  where  they  embrace  the  anterior  ex- 
tremity of  the  notochord  ;  they  then  diverge,  leaving 
the  pituitary  space  between  them,  and  afterwards  unite 
and  extend  forwards  into  the  nasal  region.  (3)  The 
capsules  of  the  auditory  and  olfactory  organs,  the  optic 
capsules  usually  remaining  distinct.  From  these  fun- 
damental parts  the  adult  skull  is  gradually  built  up, 
additional  bones  being  formed  by  ossification  in  mem- 
brane. 

Development  of  the  visceral  arches.— At 

an  early  period  of  embryonic  life,  four  visceral  or 
branchial  clefts  appear  in  the  neck  of  the  foetus  as 
slits  extending  through  the  walls  of  the  throat.  The 
anterior  border  of  each  cleft  becomes  raised  into  a 
thick  visceral  fold,  the»  posterior  border  of  the  last 
cleft  being  also  raised  into  a  fold,  so  that  the  number 
of  folds  is  five.  The  visceral  clefts  and  arches,  as 
the  folds  are  subsequently  called,  usually  disappear  in 
the  adult.  They  are  homologues  of  the  branchial 
arches  and  clefts  of  fish.  The  first  and  most  anterior 
arch  is  the  mandibular;  it  is  placed  in  front  of 
the  hyo-mandibular  cleft.  The  second  arch  is  the 
liyoid  ;  it  is  anterior  to  the  hyo-branchial  cleft ;  the 
remaining  arches  and  clefts  are  unnamed.    The  upper 
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end  of  the  mandibular  arch  becomes  swollen,  and 
corresponds  with  the  quadrate,  whilst  the  ventral  por- 
tion constitutes  Meckel's  cartilage.  The  hyoid  arch 
divides  into  two  parts,  of  which  the  upper  forms  the 
incus,  whilst  the  lower  remains  as  the  anterior  cornu 
of  the  hyoid.  The  incus  articulates  with  the  quadrate 
end  of  the  mandibular  arch,  which  subsequently  ossi- 
fies as  the  malleus,  whilst  its  rounded  head  meets  with 
the  stapes,  which  is  segmented  from  the  fenestra 
ovalis.  Meckel's  cartilage  becomes  encased  in  bone, 
and  forms  the  basis  of  the  lower  jaw.  The  third 
arch  gives  rise  to  the  greater  cornua,  and  to  the  body 
of  the  hyoid  bone.  The  hyo-mandibular  cleft  consti- 
tutes the  tympanic  cavity. 

Development  ©f  ttie  face.— The  face  is  mainly 
developed  from  mesoblast  by  an  extension  of  the 
trabeculse  which  meets  with  the  fronto-nasal  process 
growing  downwards  in  the  median  line,  whilst  the 
maxillary  and  mandibular  processes  grow  laterally. 
The  trabeculse  cranii  are  continued  forwards  as  a  pair 
of  cartilaginous  rods,  the  pterygo-palatine  processes, 
from  which  are  developed  the  palate  bones  and  parts 
of  the  sphenoid.  From  the  median  fronto-nasal  pro- 
cess the  nose  is  developed  ;  and  from  the  maxillary  pro- 
cess are  derived  the  superior  maxillary  and  malar  bones. 

The  nasal  fosssB  originate  as  two  depressions  in  the 
anterior  cerebral  vesicles,  tlie  olfactory  pits,  at  a  very 
early  period  of  embryonic  life.  The  mmdli  commences 
as  a  cleft  between  the  maxillary  processes  and  the  man- 
dibular arch,  its  upper  border  being  completed  by  the 
fronto-nasal  process.  The  cleft  gradually  deepens  till 
a  communication  is  established  between  it  and  the 
intestine.  The  primitive  mouth  or  siomodcrum.  like 
the  primitive  anus  or  proctodseum,  has  at  first  no 
communication  with  the  primitive  intestine.  The 
fauces  represent  the  point  of  separation  between  the 
primitive  mouth  and  the  pharynx. 
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L-imbs«— The  extremities  appear  about  the  fourth 
week  in  man  in  the  form  of  buds  from  the  somato- 
pleure.  The  arms  appear  first  (Fig.  83),  and  in  the 
first  instance  no  division  into  fingers  or  toes  is  per- 
ceptible ;  a  division  into  upper-arm  and  fore-arm,  and 
into  thigh  and  leg,  is  perceptible  about  the  eighth 
'week,  but  previously  to  this  the  extremity  of  the  limb 
presents  indentations  indicative  of  the  future  digits. 


A,  The  first  appearance  of  digits  formed  by  slight  indentations  of  the  extremities*, 
a  b,  layers  of  amnion;  c,  umbilical  vesicle;  d.  umbilical  cord  ;  e,  ear;  B, 
palmar  aspect  of  hand;  c,  division  of  fore  from  upper  arm;  d,  more  ad- 
vanced stage. 


The  structures  which  enter  into  the  composition  of  the 
limb  are  gradually  differentiated.  The  bones  first 
appear  as  masses  of  blastema,  which  develop  into  carti- 
lage, and  in  this  again  points  of  ossification  are  formed. 

l>iiratioii  of  pregnaiiey. — Parturition,  or  the 
delivery  of  the  child,  takes  place  at  the  expiration  of 
forty  weeks  (280  days)  from  the  period  of  concep- 
tion. At  this  period  the  uterus  and  its  contents 
have  attained  a  large  size,  and  the  act  of  labour 
is  induced  partly  owing  to  the  reflex  excitation  of 
the  genito-spinal  centre  in  the  lumbar  region  of  the 
cord,  and  partly,  perhaps,  owing  to  the  direct  stimula- 
tion of  the  uterine  muscular  tissue,  and  the  numerous 
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ganglia  that  supply  it  with  motor  fibres.  A  child  is  viable 
probably  at  the  commencement  of  the  sixth  month. 
Physiology  of  the  new-toom  child.— The 

act  of  birth  is  attended  wjth  important  organic 
changes  in  the  foetus.  Respiration  commences,  often 
with  a  cry,  and  the  course  of  the  blood  undergoes 
profound  alteration.  Before  birth,  as  Preyer  well 
describes  the  changes,  the  umbilical  vein  conveys 
arterial  blood  to  the  liver  and  heart.  After  birth  the 
vein  becomes  obliterated,  and  forms  the  round  liga- 
ment of  the  liver  and  obliterated  ductus  venosus. 
Before  birth  the  umbilical  arteries  convey  semi- 
arterialised  blood  to  the  placenta.  After  birth  they 
become  obliterated,  and  form  part  of  the  lateral 
ligaments  of  the  bladder.  Before  birth  the  Eustachian 
valve  directs  and  the  foramen  ovale  permits  the  passage 
of  oxygenated  blood  from  the  inferior  vena  cava  and 
right  auricle  to  the  left  ventricle.  After  birth  ^  the 
Eustachian  valve  atrophies,  and  the  foramen  ovale 
closes.  Before  birth  the  ductus  arteriosus  conducts 
arterialised  mingled  with  venous  blood  from  the  left 
ventricle  and  left  pulmonary  artery  to  the  aorta. 
After  birth  the  duct  becomes  contracted  and  ob- 
literated. Before  birth  the  lungs  are  destitute  of  air, 
dark  red,  and  contain  but  little  blood.  After  birth 
the  lungs  are  filled  with  air,  assume  a  bright  red 
tint,  and  contain  more  blood.  Before  birth  the 
pulmonary  arteries  contain  mingled  arterial  and  venous 
blood,  coursing  from  the  right  ventricle  to  the  lung. 
After  birth  they  convey  only  venous  blood  from  the 
right  ventricle.  Before  birth  the  pulmonary  veins 
conduct  a  small  quantity  of  venous  blood  into  the 
left  auricle.  After  birth  they  conduct  a  full  current. 
Before  birth  the  descending  aorta  conveys  mixed 
blood.  After  birth  the  blood  is  purely  arterial.  Before 
birth  the  inferior  vena  cava  near  the  heart  contains 
mixed  blood.    After  birth  the  blood  is  purely  venous. 
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The  immediate  cause  of  the  alteration  in  the 
direction  of  the  blood,  and  of  the  secondary  changes 
in  structure  that  have  just  been  mentioned,  is,  of 
course,  the  change  in  the  blood  pressure,  for  the 
expansion  of  the  chest  and  enlargement  of  the  lungs 
permits  a  freer  current  of  blood  to  traverse  the 
pulmonary  vessels.  The  pressure,  therefore,  is  less  in 
the  right  ventricle  and  auricle,  and  the  blood  finds  an 
easier  passage  through  these  vessels  than  through 
the  foramen  ovale  into  the  left  auricle.  The  same 
explanation  may  be  given  of  the  closure  and  oblitera- 
tion of  the  ductus  arteriosus,  for  the  foetus  is  born 
with  the  lungs  unexpanded  and  the  chest  in  the  con- 
dition of  the  most  complete  expiration.  It  is  in  a 
state  of  apnoea,  the  blood  being  fully  charged  with 
oxygen.  The  act  of  birth  and  the  contractions  of  the 
uterus  interfere  with  the  due  interchange  of  gases 
between  the  mother  and  the  child,  and  the  circulation 
of  imperfectly  arterialised  blood  through  the  medulla 
oblongata  at  once  stimulates  the  respiratory  centres 
to  liberate  the  motor  impulses  requisite  for  inspiration, 
and  the  rhythmical  sequence  of  inspiration  and  expi- 
ration is  at  once  commenced.  The  number  of  respi- 
rations is  44  per  minute,  and  the  number  of  cardiac 
beats  130.  The  temperature  in  the  rectum  is  37*8°  C, 
but  falls  during  the  first  few  hours  1°  to  1  "5°  C,  to  rise 
again  to  37*5°  0.  The  circulation  through  the  liver 
is  reduced  in  activity,  owing  to  the  umbilical  venous 
circulation  being  arrested.  The  rectum  contains  me- 
conium. The  quantity  of  urine  contained  in  the 
bladder  is  from  8  to  1 0  cubic  centimetres ;  the  quan- 
tity of  urine  discharged  in  twenty-four  hours  is  from 
50  to  60  grammes.  The  mammary  glands  often  secrete 
a  little  milky  fluid.  Soon  after  birth  hunger  is  felt, 
and  the  child  becomes  restless.,  cries,  and  greedily 
seizes  and  sucks  the  nipple  or  finger  if  introduced  into 
the  mouth.    The  cortical  motor  centres  are  inactive, 
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but  a  light  is  followed  by  the  eye,  and  sounds  produce 
a  start.  The  inhibitory  action  of  the  vagus  is  demon- 
strated with  difficulty,  and  the  supervention  of  death 
from  asphyxia  by  drowning  or  suffocation  is  resisted 
for  a  considerable  period. 

Infancy. — Infancy  extends  from  birth  to  the 
eruption  of  the  first  teeth,  or  to  about  the  eighth 
month ;  all  the  vegetative  functions  of  the  body  are 
in  full  activity ;  the  lymphatic  and  blood-forming 
organs,  as  the  thyroid,  thymus,  spleen,  and  lymphatic 
glands,  are  largely  developed ;  the  periods  of  sleep 
and  of  waking  are  about  equal ;  the  mental  faculties 
gradually  develop  ;  notice  is  taken  of  external  objects, 
and  the  infant  can  smile  and  shed  tears.  The  quan- 
tity of  food  taken  is  considerable ;  the  faeces  are 
yellowish,  semi-fluid,  without  much  odour,  and  contain 
some  unchanged  bile,  much  fat,  and  coagulated  casein. 
The  urine  is  frequently  discharged ;  its  quantity 
about  the  fourth  month  is  300  to  400  grammes.  The 
height  augments  30  centimetres  in  the  first  year,  and 
the  weight  of  the  body  is  tripled.  Some  voluntary 
movements  can  be  performed. 

Ctiildtioocl  extends  from  the  first  dentition  to 
the  beginning  of  the  second  dentition,  or  to  about  the 
age  of  seven  years.  The  number  of  cardiac  beats  and 
of  respirations  gradually  falls.  At  five  years  of  age  the 
heart's  beats  are  105';  the  vital  capacity  is  900  cubic 
centimetres  ;  and  the  respirations  are  26  in  the  minute. 
During  the  second  year  the  child  learns  to  walk  and 
speak.    Sleep  is  protracted  to  nine  or  ten  hoars. 

Healthy  children  should  grow  from  2  to  3  inches  a 
year.  They  should  weigh  as  nearly  as  possible  to  the 
averages  given  below.  There  is  danger  if  a  child  falls 
7  lbs.  below  this  standard,  or  grows  under  2  or  over 
3  inches  a  year.  Arrest  of  growth  and  loss  of  weight 
indicate  malnutrition.  They  are  the  frequent  fore- 
runners of  disease,  and  should  always  excite  suspicion. 
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The  following  is  a  proportionate  table  of  height 
and  weight : 


Height. 

Weight. 
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Yoiatlt, — This  period  extends  from  the  seventh 
to  the  fifteenth  year,  or  to  the  occurrence  of  puberty. 
The  milk  teeth  are  shed  and  the  thymus  disappears ;  the 
bones  become  firm  and  solid ;  the  mental  faculties  are 
often  exceedingly  acute,  and  the  memory  very  exact 
and  tenacious.  The  vital  capacity  is  about  2,000  cubic 
centimetres  at  twelve  years  of  age ;  the  cardiac  beats 
at  the  same  age  are  about  82.  The  quantity  of  urine 
is  about  21  or  22  grammes.  The  fat  of  the  body  is  in 
great  part  absorbed ;  and  as  the  period  of  puberty  is 
reached,  the  voice  alters  and  becomes  deeper,  and  the 
conservation  of  the  individual  begins  to  make  way  for 
the  conservation  of  the  species  (Beaunis). 

Ad&iBt  ag'e. — During  the  earlier  period  growth 
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continues,  but  about  the  age  of  twenty,  or  earlier  in 
women,  growth  ceases,  and  for  many  years  the  body 
remains  stationary  in  point  of  bulk.  The  faculty  of 
observation  and  power  of  acquiring  knowledge  are 
active,  but  at  first  judgment  is  defective^  and  the 
actions  are  largely  influenced  by  the  emotions.  It  is 
from  twenty  to  forty  that  the  most  remarkable  mental 
efforts  are  made,  and  when  genius,  if  present,  usually 
effects  its  greatest  triumphs.  At  a  later  period, 
though  intellectual  development  may  still  progress, 
it  is  more  uniform  and  sober  in  its  manifestation.  In 
women  the  period  of  adult  age  is  interrupted  by  the 
occurrence  of  the  menopause. 

Old  age;  senility.  —  This  may  be  taken  to 
commence  about  the  sixtieth  or  sixty-fifth  year.  It  is 
marked  by  general  decay  of  the  bodily  powers ;  the  skin 
begins  to  be  wrinkled,  owing  to  the  absorption  of  fat ; 
the  teeth  to  decay  and  to  be  shed  ;  the  hair  to  be  white 
and  fall  out ;  the  virile  power  is  less  active,  or  alto- 
gether ceases ;  the  respirations  and  the  number '  of 
cardiac  beats  are  reduced  in  frequency ;  the  arteries 
have  a  tendency  to  ossify,  the  veins  to  dilate ;  the 
muscular  movements  lose  their  force  and  precision ; 
the  cartilages  ossify ;  the  voice  alters  to  "  childish 
treble  \ "  the  digestion  and  the  vegetative  functions 
generally  are  less  perfectly  performed ;  the  eye  is  no 
longer  capable  of  being  accommodated  to  clear  vision 
of  near  objects,  and,  with  the  other  senses,  loses  its 
acuteness  of  perception  ;  the  mind,  however,  may  long 
preserve  its  freshness,  and  in  some  instances  even 
seems  to  mature  with  advancing  age. 

Death. — Death,  when  perfectly  natural,  occurs 
as  the  result  of  the  cessation  of  the  cardiac  or  respira- 
tory movements,  and  this  is  probably  the  result  of 
inadequate  nutrition  of  the  nerve  centres  governing 
these  acts.  In  by  far  the  greater  number  of  cases, 
however,  one  or  other  of  the  vital  organs  is  smitten 
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with  disease,  whicli  interferes  with  the  functions  of 
the  bodj  at  large,  and  it  was  from  observations  of 
this  fact  that  Bichat  maintained  that  death  began  at 
the  brain,  the  heart,  or  the  lungs.  To  these  the 
kidneys  and  the  intestines  might  be  added.  In  some 
instances  it  is  sudden,  and  scarcely  preceded  by  any 
appreciable  failure  of  health  ;  whilst  in  other  instances 
it  is  prolonged  and  painful.  Beaunis  gives  the  fol- 
lowing as  characteristic  features  of  the  death  agony  : — 
The  face  is  livid  and  sharp-featured  ;  the  cheek-bones 
prominent ;  the  cheeks  pendent ;  the  nose  sharpened  ; 
the  forehead  covered  with  a  cold,  clammy  moisture  ; 
the  eyes  dull  and  unobservant,  the  lids  drooping ;  the 
lips  livid  and  discoloured ;  the  mouth  partly  open  ; 
the  gums  dry,  and  the  teeth  covered  with  sordes  ;  the 
body  inert  and  yielding  to  gi'avity,  save  only  some 
involuntary  movements  of  the  fingers  and  hands';  tho 
extremities  cold,  the  coldness  extending  gradually 
upwards ;  respiration  feeble ;  mucus  accumulating  in 
the  trachea  gives  rise  to  a  rattling  sound  ;  the  cardiac 
beats,  at  first  frequent,  become  slower  and  impercep- 
tible ;  sensibility  is  reduced ;  the  eye  no  longer  sees 
the  light ;  the  dying  man  feels  himself  to  be  shrouded 
in  darkness ;  the  hearing  often  persists  to  the  last ; 
voice  fails,  and  he  mutters  some  incomprehensible 
words  ;  intelligence  may  be  preserved,  but  usually 
fails,  and  he  seems  to  remember  as  in  a  dream  some 
events  of  his  past  life  ;  at  length  the  heart  ceases  to 
beat,  and  the  last  breath  is  an  expiration. 
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Ace 'tone  (L.  acetum,  vinegar),  CsHgO.  Typical  acetone  is  a  colour- 
less volatile  inflammable  liquid  obtained  by  tue  dry  distillation  of  the 
acetates ;  but  other  acetones  can  be  obtained  by  the  dry  distillation  of 
the  salts  of  the  monobasic  acids,  especially  those  of  calcium,  bariiim, 
and  lead.    It  is  found  in  the  urine  in  diabetes. 

Achroodex'trin  (axP'^^^i  colourless ;  dexter,  right).  An  intermediate 
substance  between  starch  and  dextrin,  formed  during  the  action  of 
saliva  on  starch.    It  is  not  coloured  by  iodine. 

Ad'ipocere  (L.  adeps,  fat ;  cera,  wax).  A  compound  consisting  of 
calcium  palmitate  and  stearate,  found  in  dead  bodies  exposed  to  much 
moisture  It  appears  to  proceed  from  the  decomposition  of  the  fats, 
which  first  form  ammonium  salts,  the  ammonium  being  subsequently 
replaced  by  calcium. 

Albumins.   See  Proteids. 

Allan'toin,  C4H4N4O3  (aAAa?,  sausage :  etSo?,  likeness).  A  product 
of  the  oxidation  of  uric  acid.  It  is  a  crystalline  neutral  and  tasteless 
substance,  which  occurs  in  the  urine  in  small  quantity  normally,  more 
daring  pregnancy,  after  meat  diet  or  the  ingestion  of  tannin.  It  replaces 
urea  in  the  urine  of  the  fcetus.  Acids  and  alkalies  break  it  up  into  urea 
and  allanturic  acid. 

AllOX'an,  C4H2N2O4.  A  crystalline  product  of  the  oxidation  of  uric 
acid.  Alloxan  by  oxidation  yields  CO2  and  parabanic  acid.  Parabanic 
acid  +  H2O  gives  rise  to  oxaluric  acid,  and  oxaluric  acid  when  dissolved 
in  water  and  uralid  yields  oxalic  acid  and  urea. 

AUOxan'tin,  C8H4N4O4  +  3H2O  {aXXog,  another;  ^av96g,  reddish 
yellow).  A  crystalline  product  of  the  action  of  reducing  agents  on 
alloxan,  or  of  dilute  nitric  acid  on  uric  acid.  At  150°  C.  it  loses  3  atoms 
of  H2O,  and  reddens  on  exposure  to  the  vapour  of  ammonia,  forming 
ammonium  purpurate  or  murexide. 

Amyloid  Substance  {amylum,  starch;  elSos,  likeness).  The  same 
as  Labdacein. 

Aspar'agin,  C4H8N2O3.  A  substance  crystallising  in  rhombic 
prisms  obtained  from  the  young  shoots  of  asparagus  and  many^other 
plants  ;  insoluble  in  alcohol,  soluble  in  4^  parts  of  boiling  water.  The 
decomposition  of  impure  asparagin  yields  ammonium  succinate. 

Aspar'tiC  Acid,  C4H7NO4.  A  Isevogyrous  acid  formed  by  the 
decomposition  of  asparagin  by  alkaline  solutions.  It  also  appears 
with  leucin  and  tyrosin,  as  a  result  of  the  decomposition  of  the  proteids 
when  boiled  with  sulphuric  acid.  It  crystallises  in  thin  rectangular 
rhombic  tablets.  An  isomer,  obtained  by  heating  asparagin  to  200°  C, 
it  is  optically  inactive. 

Benzole  Acid,  C7H6O2.  An  aromatic  acid  occurring  as  a  constituent 
of  the  balsams,  especially  benzoin,  from  which  it  is  obtained,  by  distilla- 
tion, in  silky  fragrant  needles.  It  melts  at  121°  C,  sublimes  at  145°  C, 
and  boils  at  250°  0.  It  is  slightly  soluble  in  water,  freely  in  alcohol. 
After  ingestion,  it  is  eliminated  from  the  body  in  the  urine  in  the  form 
of  hippuric  acid. 
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Benzoyl-amido-acetic  Acid.  The  same  as  Hippuric  Acid. 
Carbohydrates.   These  include— 

Celluloses  or  carbohydrates  with  formula  OeHioOs,  such  as  starch, 
dextrin,  glycogen,  inulin,  gum,  cellulose,  and  pectin. 

Grlucoses  or  carbohydrates  with  formula  C6H12O6,  such  as  grape 
sugar,  or  dextrose  ;  fruit  sugar,  or  Isevulose  ;  lactose,  and  others. 

Saccharoses  or  carbohydrates  with  formula  C12H22O11,  such  as 
cane  sugar  and  maltose. 

1.  Starch,  CqKiqOq,  formed  in  and  produced  by  plants  growing  under 
the  influence  of  light.  It  is  often  stored  up  as  aliment  in  tubers  and 
fruit,  and  consists  of  granules  presenting  concentric  markings.  It  is 
insoluble  in  cold,  but  swells  and  becomes  gelatinous  in  hot  water,  which 
dissolves  the  granulose,  but  leaves  undissolved  the  cellulose  of  the  starch 
granules.  It  gives  a  blue  colour  with  free  iodine,  which  vanishes  on  ex- 
posure to  heat,  but  returns  when  the  liquid  is  suddenly  cooled.  Starch, 
on  being  heated  to  210°  C,  is  converted  into  dextrin,  which  also  appears 
in  germinating  seeds.  When  starch  paste  is  boiled  with  dilute  acid  it  is 
converted  through  some  intermediate  stages  into  dextrin,  and  then  into 
sugar,  and  the  same  conversion  is  effected  by  the  saliva,  pancreatic,  and 
intestinal  juices. 

2.  Sugars  (CeHisOe).— These  are  substances  having  a  sweet  taste, 
usually  soluble  m  water,  and  destroyed  by  strong  sulphuric  acid,  which 
abstracts  the  water  of  these  compounds  and  leaves  only  the  carbon.  The 
most  important  are  glucose,  lactose,  and  saccharose.  On  fermenta- 
tion they  yield  CO2  and  alcohol.    The  tests  for  glucose  are  : 

(a)  Trommer's  test,  which  depends  on  the  fact  that  grape  sugar  in 
an  alkaline  solution  acts  as  a  reducing  agent.  To  the  saccharine  fluid 
about  one-fourth  of  its  bulk  of  soda  or  potash  lye  is  added,  and  a  dilute 
solution  of  copper  sulphate.  A  slight  clouding  occurs  from  precipitation 
of  hydrate  of  copper  oxide,  which  dissolves  on  shaking.  On  heating  the 
fluid,  if  sugar  be  present,  a  yellowish  precipitate  of  copper  oxide  takes 
place. 

(b)  Bottcher's  test. — An  alkaline  solution  of  bismuth  is  reduced  by 
sugar  to  bismuth  suboxide,  the  oxide  being  precipitated  as  an  olive 
green  and  ultimately  black  powder. 

(c)  Moore's  test. — The  fluid  is  boiled  with  caustic  alkali,  and  becomes, 
if  sugar  be  present,  first  yellow,  then  brown,  and  finally  blackish.  On  the 
addition  of  nitric  acid  a  smell  of  caramel  is  perceptible. 

(d)  Silver  test. — Diluted  solution  of  grape  sugar,  on  being  boiled  with 
silver  nitrate  and  ammonia,  leaves  a  metallic  deposit  on  the  surface  of 
the  vessel. 

Carbolic  Acid.  See  P  n  enol. 

Caruln,  C7H8N4O3  +  H2O  (L.  caro,  flesh).  A  crystalline  substance 
contained  in  the  proportion  of  about  1  per  cent,  in  extract  of  meat.  It 
is  allied  to  sarkin. 

Ca'sein  (L.  caseus,  cheese).  A  derived  albumin  obtained  by  the 
action  of  rennet  m  presence  of  calcium  salts  on  the  caseinogen  of  cow's 
milk.    It  resembles  an  alkali  albuminate. 

Casein' Ogen  (L.  caseus,  cheese;  yewdo},  to  generate).  The  chief 
proteid  of  milk.  It  is  precipitated  from  milk  by  saturation  with  neutral 
salts,  or  the  addition  of  a  little  acetic  acid. 

Cellulose  (L.  cellula,  dim.  of  cella,  a  cell).  The  substance  which 
forms  the  basis  of  the  wall  of  the  plant-cell.  It  is  insoluble  in  caustic 
potash.  Sulphuric  acid  converts  it  into  dextrin  and  sugar.  The  cellulose 
of  most  plants,  but  not  of  many  fungi,  stains  blue  with  sodium. 

Cer'ebrin  (L.  cerebrum,  brain).  A  white  crystalline  powder  without 
taste  or  smell,  obtained  by  extracting  the  white  substance  of  the  brain 
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with  ether  and  alcohol.  It  is  also  contained  in  the  blood  of  man  and  in 
the  yolk  of  the  egg  of  the  fowl. 

Cholallc  or  Cholic  Acid  (xo^^>  bile),  C24H40O5.  A  product  of  the 
decomposition  of  gly  co-  or  tanro- cholic  acid  in  presence  of  caustic  potash 
or  barium  hydrate;  glycocol  or  taurine  appearing  at  the  same  time. 
It  is  soluble  in  alcohol,  and  crystallises  in  octabedra. 

Chole'sterm,  C27H46O  (XoAr?,  bile  ;  ariap,  suet).  A  univalent  alcohol, 
yielding  ether-like  bodies  by  combining  with  various  acids.  The  chief 
constituent  of  gall-stones.  It  crystallises  from  its  ethereal  solution  in 
silky  needles,  but  from  its  alcoholic  solution  in  oblique  rhombic  plates. 
It  is  insoluble  in  water,  alkalies,  and  dilute  acids  ;  but  is  easily  soluble 
in  chloroform,  volatile  oils,  and  fatty  acids.  It  melts  at  140'^  C,  and 
distils  unchanged  in  vacuo  at  360"^  C.  It  is  supposed  to  proceed  from 
the  disintegration  of  the  brain  and  nerves,  to  be  taken  up  by  the  blood, 
excreted  by  the  liver,  and  converted  into  stercorin  in  its  passa^^e  through 
the  intestines. 

Cho'lin  (XoA>7,  bile),  Neu'rin,  Sin'kalin,  CioHi5lsr04.  Different 

names  applied  to  an  ammoniated  base  extracted  originally  from  the  bile 
of  the  pig  and  ox,  and  afterwards  from  the  brain.  It  is  a  syrupy  alkaline 
liquid,  and  is  a  product  of  the  decomposition  of  lecithin. 

Dex'trin  (L.  dexter,  right  hand— owing  to  its  action  on  polarised 
light).    See  Carbohydrates  1. 

Dex'trose  (L.  dexter,  right),  grape  sugar.    See  Glucose. 

Dyslys'in,  C24H36O3  {Svs,  difficult ;  Auw,  to  dissolve).  The  ultimate 
product  of  tn.e  action  of  boiling  hydrogen  chloride  upon  cholalic  acid. 
It  is  an  indilferent  substance,  nielting  at  140°  C. ,  and  burning  with  a 
smoky  flame. 

Fats.  The  fats  are  ethers  derived  from  the  triatomic  alcohol 
glycerm  C3H5(OH)3.  They  are  widely  distributed  both  in  plants  and 
m  animals.  They  contain  very  little  oxygen.  They  are  soluble  in  ether, 
benzol,  chloroform,  and  in  boiling  alcohol.  Dropped  on  paper  they  give 
a  characteristic  grease  spot.  Shaken  up  with  colloid  substances  they 
give  an  emulsion.  Heated  with  water  above  steam  heat,  or  exposed  to 
the  action  of  certain  animal  ferments,  as  that  of  the  pancreas,  they  take 
up  water  and  split  up  into  glycerin  and  free  fatty  acids.  When  these 
essential  fats  are  boiled  with  solutions  of  the  alkaline  hydrates  or 
carbonates,  they  undergo  the  process  of  saponification,  decomposing  as 
before  into  glycerin  and  the  fatty  acids,  but  the  latter  immediately 
combiae  with  the  alkaline  metal  to  form  a  soap,  which  is,  in  fact,  a 
soluble  salt.  The  three  principal  fats  of  the  human  body  are  tristearin, 
tripalniitin,  and  triolein.  Stearin  melts  at  about  60°  0.,  palmitin  at 
about  45°  C,  and  olein  at  about  30°  C.  Stellate  crystals  of  stearin  and 
palmitin  occur  in  fat  cells.  The  following  formulae  represent  the  composi- 
tion of  these  bodies  :— 

Glycerin  -    -    C3H5(OH)3.  Palmitic  acid    -    -  CieHgiOOH. 

Palmitin  -  -  C3H5 (0016^310)3.  Stearic  acid  -  -  -  C18H35OOH. 
Stearin-  -  -  C3tl5(OCi8H350)3.  Oleic  acid  -  -  -  -  C18H33OOH. 
Olem    -    -   -    C3Hg(OCi8H330)3.  | 

Fi'brin  (L.  fihra,  a  fibre).  An  insoluble  proteid  of  the  blood  and 
lymph,  produced  by  ferment  action  on  fibrinogen. 

Formic  Acid,  CH2O2  (L.  formica,  an  ant).  An  acid  secreted  by  ants 
#  and  various  caterpillars  ;  found  also  amongst  plants  in  the  nettle  and 
houseleek,  and  in  the  blood,  milk,  bile,  sweat,  urine,  and  juice  of  muscle 
of  man.  It  can  be  obtained  by  many  processes,  but  easily  by  the  oxida- 
tion of  starch  or  sugar,  by  sulphuric  acid  and  manganese  peroxide.  It 
is  soluble  in  water  and  alcohol,  and  crystallises  below  0°  C. 

Globulins  (L,  glohulus,  a  small  ball).    See  Proteids, 
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Glu'COSe  {yKvKvq,  sweet),  06^1206,  gTape  sugar.  A  substance  widely 
distributed  in  plants,  wbere  it  occurs  mixed  with  its  isomer,  laevalose, 
and  also  in  animals  as  urine  sugar,  and  in  the  normal  fluids  of  blood, 
chyle,  lymph,  and  in  the  juice  of  the  liver. 

Glycerin,  C3H8O3  (yAu/cepo?,  sweet).  A  trivalent  alcohol  obtained  by 
the  action  of  superheated  steam  upon  fats.  It  has  not  been  shown  to  be 
a  constitueat  of  the  body.  It  is  colourless  and  odourless,  with  burning 
sweet  taste,  oily  consistence,  neutral  reaction,  and  a  sp.  gr.  of  1*27.  It 
boils  at  290°  C,  and  the  vapour  ignites,  burning  with  a  feeble  but  not 
smoky  flame  ;  at  —40°  C.  it  becomes  a  gummy  mass,  but  does  not  crystal- 
lise ;  on  withdrawal  of  water  by  rapid  boiling  condensed  glycerin-mole- 
cules are  formed,  such  as  diglyceride  and  polyglyceride.  Placed  in  con- 
tact with  yeast  it  yields  propionic  acid,  CsHgOa.  With  chalk  and 
putrefying  cheese  it  yields  at  40°  C.  butyric  acid,  C4H8O2,  and  ethyl 
alcohol,  CsHgO.  By  long  heating  of  glycerin  with  excess  of  fatty  acids  in 
hermetically  sealed  tubes  at  a  temperature  of  200°  to  270°C. ,  triglycerides 
are  produced,  which  are  identical  with  the  ordinary  fats.  The  oxidation 
of  glycerin  by  means  of  nitric  acid  yields  tartaric  acid,  and  when  heated 
with  potassium  hydroxyl  to  a  temperature  of  200°  C,  potassium  formiate 
and  acetate  are  produced.  It  is  intimately  associated  with  the  allyl  and 
propyl  series  of  compounds. 

Glycerin-phosplioric  Acid.  C3H5(OH2)20PO(OH)2.    A  syrupy 

bibasic  ether-acid,  which  proceeds  from  the  decomposition  of  lecithin. 
When  warmed  it  breaks  up  into  glycerin  and  phosphoric  acid.  It  is 
soluble  in  water. 

Glyc'Ogen  {y\vKv<;,  sweet ;  yei^i^dw,  to  generate).    See  Text,  page  221. 

HippuriC  Acid,  C9H9NO3  (ittttos,  a  horse).  A  monobasic,  odourless, 
bitter  acid,  crystallising  in  colourless  four-sided  prisms.  From  10  to  20 
grains  are  daily  eliminated  by  the  urine,  and  more  after  eating  asparagus, 
greengages,  pears,  plums,  or  cranberries,  or  the  ingestion  of  benzoic, 
kinic,  or  cinnamic  acid.  It  dissolves  in  600  parts  of  water  at  32°  F.,  and 
easily  in  alcohol.  It  is  largely  contained  in  the  urine  of  herbivora,  and 
proceeds  from  the  cuticle  of  plants,  to  which  it  is  allied  in  chemical 
composition.    It  is  in  part,  at  least,  formed  in  the  kidneys. 

Hypoxan'thin,  C5H4N4O  (utto,  under ;  yellow).  A  substance 

found  in  small  quantities  in  urine,  especially  in  leukaemia ;  also  in  muscle, 
spleen,  liver,  the  marrow  of  bones,  and  pus-cells.  It  can  be  obtained  by 
boiling  nuclein  with  diluted  sulphuric  acid.  It  stands  in  close  relation 
to  xanthin  and  uric  acid. 

Indican,  C5oH3i"N034''('IvStK6s,  Indian).  A  conjugated  sulphur  acid. 
It  is  a  syrupy,  bitter,  yellowish-brown  substance,  resulting  from  the 
combination  of  SO3H  with  indol.  Present  in  small  quantity  in  normal 
urine,  in  which  it  is  increased  by  circumstances  delaying  the  passage 
of  nitrogenous  compounds  through  the  intestines  as  by  ligation  in  hernia 
or  by  ingestion  of  indol.  Its  presence  in  urine  is  demonstrated  by  the 
appearance  of  indigo  blue  and  red  crystals  on  addition  of  a  little  nitric 
and  hydrochloric  acid.  Acted  on  by  concentrated  acid,  leucin  and 
volatile  fatty  acids  are  formed.  Treated  with  hydrochloric  acid  in 
presence  of  oxygen  it  yields  indigo. 

Indigo  ('Ii^St/cos,  Indian,  from  Sanskrit  Sindhu,  a  river,  the  Indus),  a 
blue  substance  crystallising  in  rhombic  plates,  soluble  in  boiling  chloro- 
form, amyl-alcohol,  and  paraffin,  but  insoluble  in  water,  alcohol,  ether, 
dilute  acids,  or  alkalies. 

IndigOgen.    The  same  as  Indican. 

Indol,  C8H7N.    A  product  of  the  putrefaction  of  proteids.  It 

crystallises  in  pearly  thin  tablets  of  offensive  odour.  It  is  one  of  the 
final  products  of  the  action  of  pancreatic  juice  or  of  caustic  alkalies  on 
proteids. 
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InosinlC  Acid  (t?,  gen.  Ivo?,  muscle),  C10H14N4OU.  A  syrupy  acid 
obtained  from  the  muscles  of  some  animals,  as  cats  and  rabbits,  goose 
and  pigeon.  It  has  the  taste  and  odour  of  broth.  It  yields  crystalline 
salts  with  bases. 

Inosite  (t?,  gen.  l^d?,  muscle),  C6H12O6  +  21120.  Muscle-sugar,  or 
phascomannite.  A  saccharine  substance  obtained  from  muse  es  and 
various  leguminous  fruits.  It  forms  colourless  moaioclinic  tabular 
crystals.  It  dissolves  in  6  parts  of  water  at  19^  C.  (66°  F.).  It  is  in- 
capable of  fermenting,  does  not  reduce  alkaline  solution  of  copper 
sulphate,  and  has  no  action  on  polarised  light. 

Keratin  {Kfpaq,  horn).  A  substance  obtained  after  the  successive 
action  of  boiling  water,  alcohol,  ether,  and  dilute  acids  on  various  epider- 
moid tissues,  as  upon  scales,  feathers,  nails,  horn,  hoofs,  and  epidermis. 
It  is  insoluble  in  alcohol  and  ether.  Boiled  with  dilute  sulphuric  acid, 
or  with  the  hydrates  of  alkalies,  it  yields  aspartic,  acetic,  butyric, 
propionic,  and  valerianic  acids,  with  ammonia,  leucin,  and  tyro&in. 

Kreatin  (^pea?,  flesh),  C4H9N3O2  +  H2O.  A  bitter  substance  found 
in  muscle,  but  not  in  glands.  It  crystallises  in  colourless  oblique 
rhombic  prisms  ;  readily  soluble  in  hot  water,  but  with  difficulty  in 
alcohol,  and  not  at  all  in  ether.  Boiled  with  baryta  water  it  breaks  up 
into  urea  and  sarkosin,  taking  up  one  molecule  of  water. 

Kreat'iuin,  C4H7N3O  (/cpea?,  flesh).  A  constituent  of  the  normal 
urine  of  adults,  but  not  of  infants.  It  can  be  made  by  boiling  kreatin 
for  several  days  with  concentrated  acids,  which  then  gives  up  one 
equivalent  of  H2O,  and  is  converted  into  kreatinin.  It  crystallises  in 
long  colourless  monoclinic  prisms,  soluble  in  11  "5  parts  of  cold  water. 
The  solution  turns  litmus  paper  blue.  When  boiled  with  baryta  water  it 
breaks  up  into  urea  and  sarkosin.  The  quantity  eliminated  daily  is  about 
15  grains,  increasing  with  albuminous  diet,  diminishing  during  fasting. 

Lac'tiC  Acid  (L.  lac,  milk),  C^HeOs.  An  acid  of  syrupy  consistence, 
without  colour  or  odour,  and  without  action  on  polarised  light.  It 
mixes  with  water,  alcohol,  and  ether.  It  is  the  acid  of  sour  milk,  and 
is  the  result  of  the  action  of  a  special  microbe,  the  bacterium  laetis,  on 
lactose.  It  is  one  of  the  products  of  the  fermentation  of  a  large  number 
of  vegetable  substances.  It  appears  in  the  urine  of  healthy  dogs  and 
rabbits,  together  with  albumin  and  sugar,  when  the  supply  of  oxygen 
to  the  lungs  is  diminished ;  but  large  quantities  of  sodium  lactate  may 
be  administered  with  the  food  in  health  without  any  of  the  acid  re- 
appearing in  the  urine.  Its  formation  and  presence  in  the  blood  pro- 
bably accounts  for  the  diminished  alkalescence  of  the  blood  in  febrile 
complaints  and  pneumonia.    (See  PARAiiACTic  Acid.) 

Lactic  Acid  group.  Monobasic  bivalent  acids,  with  the  general 
composition  Cnll2i>03.  The  lowest  member  is  the  oxyformic  acid, 
CH2O3 ;  another  is  glycol-  or  oxy-acetic  acid,  C3H6O3 ;  another,  lactic 
or  oxy  propionic  acid,  C^HgO^-,  another,  oxy butyric  acid. 

Larda'Cein  (L.  lirdum  or  laridum,  the  fat  of  bacon).  An  albuminoid 
substance  occurring,  pathologically,  in  the  liver,  kidneys,  and  other 
organs.  It  is  insoluble  in  wa  er,  dilute  acids,  or  alkaline  carbonates. 
It  IS  not  dissolved  by  gastric  juice.  It  is  coloured  brownish-red  or 
violet  by  iodine,  and  violet  with  sulphuric  acid  and  iodine. 

Lecithin,  C44H9PNPO9  (Aext^os,  yolk  of  egg).  A  constituent  of  the 
brain  and  of  yolk  of  egg.  '  It  crystallises  in  line  needles  on  slow  cooling 
of  its  alkaline  solution.  It  swells  up  like  starch  on  the  addition  of 
water.  It  dissolves  with  difficulty  in  cold  alcohol  and  in  ether,  but 
easily  in  chloroform,  benzol,  boiling  alcohol  and  ether,  and  in  hot  acetic 
acid.    Lecithin  is  in  close  relation  with  the  triglycerides  or  fats. 

Leu'cin  (A-cukos,  white),  C6H13NO2  (amidocaproic  acid).  A  substance 
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forming  crystalline  laminee,  obtained  by  the  action  of  acids  and 
alkalies  on  proteids,  or  by  their  putrefaction  or  their  decomposition  by 
the  pancreatic  juice.  It  appears  with  tyrosin  in  the  urine  in  acute 
yellow  atrophy  of  the  liver,  and  in  phosphorus  poisoning.  When  decom- 
posed by  heat  it  yields  carbon  dioxide,  ammonia,  and  iso-amylamin ; 
when  by  putrefaction,  valerianic  acid,  ammonia,  and  carbon  dioxide. 

Lutein  (L.  lutews,  yellow) .  The  colouring  matter  of  yolk  of  egg  and 
of  the  corpora  lutea.  It  forms  microscopic  red  crystals  insoluble  in 
water,  soluble  in  alcohol,  ether,  chloroform,  benzol,  and  fat  oils.  On 
the  addition  of  nitric  acid  it  becomes  green,  blue,  yellow,  and  then 
colourless.  It  is  thought  to  be  identical  with  haematoidin.  The  solutions 
show  two  absorption  bands,  one  at  F  and  one  between  F  and  G. 

Malic  Acid,  C4H4O5  (L.  malum,  an  apple).  An  acid  widely  distri- 
buted amongst  plants,  often  in  association  with  tartaric  and  citric  acid  ; 
thus  it  is  found  in  apples,  cherries,  pine-apple,  tamarinds,  in  aniseseed, 
in  the  berries  of  the  mountain  ash,  and  in  rhubarb.  The  crystals  melt 
at  83°  C.  When  ingested  into  the  stomach  the  malates  are  decomposed, 
and  appear  in  the  urine  in  the  form  of  carbonates  and  bicarbonates  of 
the  a'kalies. 

Mucin  (L.  mucus,  secretion  of  the  nose).  A  substance  which  may  be 
procured  from  the  salivary  glands  and  from  the  snail.  It  forms  a  white 
or  yellowish  substance  insoluble  in  water,  but  capable  of  swelling  up 
when  immersed  in  it.  It  does  not  diffuse  through  animal  membranes. 
It  is  immediately  precipitated  on  the  addition  of  alcohol  to  a  mixture 
of  water  and  mucin.  It  is  soluble  in  concentrated  acids  and  alkalies. 
It  does  not  coagulate  on  boiling;  it  is  not  precipitated  by  metallic  salts 
exceptmg  basic  acetate  of  lead,  or  by  potassium  ferrocyanide,  or  by 
tannic  acid.  It  gives  a  rose-red  colour  with  Millon's  reagent,  and  a 
yellow  colour  with  nitric  acid. 

My'OSin  (/uti)?,  muscle).  A  globulin  existing  in  the  seeds  of  cereals 
and  leguminous  plants,  and  in  animal  muscle.    (See  Myosinogen.) 

My'OSinogen  (/xO?,  muscle  ;  yewdio,  to  generate).  A  globulin  which 
forms  the  greater  part  of  the  plasma  of  muscle  fibre  contained  within 
the  sarcolemma.  In  living  muscle  it  is  fluid ;  and  when  expressed,  if 
allowed  to  drop  into  distilled  water,  it  coagulates  and  forms  myosin.  It 
also  coagulates  in  rigor  mortis. 

Neurin.  See  Cholin. 

Nuclein  (L.  nucleus,  a  little  nut).  A  substance  obtained  from  the 
nuclei  of  cells.  It  may  be  obtained  from  pus  cells  by  digesting  them  in 
warm  alcohol  to  remove  the  fat  and  lecithin ;  on  the  addition  of  gastric 
juice  the  albumin  of  the  cells  is  converted  into  peptones,  and  dissolves 
when  the  nuclei,  which  resist  the  action  of  the  gastric  juic^,  gravitate 
to  the  bottom  of  the  vessel ;  and  they  are  then  further  X3urified  from 
fat  and  h  cithin  by  the  successive  application  of  ether,  cold  water,  and 
alcohol.    Pus  cells  dried  at  110°  C.  contain  33  per  cent,  of  nuclein. 

Oxalic  Acid,  C2H2O4  (6|u?,  acid  ;  aA?,  salt).  An  acid  eliminated  in 
small  quantities  in  the  urine  when  metabolism  is  retarded,  in  combina- 
tion with  calcium. 

Oxalu'ric  Acid,  C3H4N2O4.  An  acid  obtained  in  the  form  of 
ammonium  oxalurate  when  parabanic  acid  is  dissolved  in  ammonium. 
It  can  be  separated  from  the  ammonium  salt  by  sulphuric  acid,  and  then 
forms  a  crystalline  powder,  which  on  long  boiling  with  water  yields  urea 
and  oxalic  acid. 

Parabanic  Acid,  C3H2N2O3  (TrapajSatVw,  to  stand  beside) .  A  product 
of  the  oxiuation  of  uri(;  acid.  It  crystallises  in  colour: ess  crystals  be- 
longing to  the  monoclinic  system.  On  boiling  with  caustic  potash  it 
yields  with  absorption  of  2H2O,  oxalic  acid  and  urea. 
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Paralac'tiC  Acid  (napd,  alongside  of;  L.  lac,  milk).  An  acid  of 
syrupy  consistence  isomeric  with  lactic  acid,  and  presenting  the  same 
characters,  differing  only  in  being  optically  active,  rotating  the  ray  of 
polarised  light  to  the  right.  It  is  found  constantly  in  small  quantity  in 
the  blood.  It  is  probably  found  in  muscle  as  a  result  of  the  decomposi- 
tion of  the  carbohydrates.  It  is  doubtful  whether  it  is  the  cause  of  tbe 
aciiiity  of  tetanised  muscle. 

Pep'tones  {iria-a-oj,  to  digest).    See  Proteids. 

Phe'nol,  CeHgO  (^aiVw,  to  illuminate).  A  substance  existing  in 
the  uriue  as  a  conjugated  siilphur  acid,  CgHsO  +  SO3H.  Tbe  pheno- 
sulphates  constitute  one-tenth  of  the  sulphates  eliminated  by  the 
kidneys.  It  is  increased  by  ingestion  of  benzol,  phenol,  tyrosin,  and  indol. 
It  is  soluble  in  water,  and  gives  a  red  colour  with  iron  perchloride. 

Proteids  (Trpwro?,  first).  Under  this  term  several  groups  of  organic 
substances  are  included,  all  of  which  contain  sulphur,  and  have  a 
chemical  formula  resembling  C54H7N16O22S4.  They  are  colloidal, 
amorphous,  almost  insoluble  in  alcohol  and  ether.  They  are  not  volatile, 
and  when  burnt  give  off  ammoniacal  fumes,  and  leave  a  residue  of 
lime  phosphate.  They  rotate  the  ray  of  polarised  light  to  the  left. 
They  are  precipitated  from  their  solutions,  in  most  instances,  by  the 
mineral  acids,  acetic  acid  and  potassium  ferrocyanide,  the  basic  acetate 
of  lead,  mercury  bichloride,  tannin,  and  by  potassium  carbonate  in 
powder.  Exposed  to  the  air,  they  easily  undergo  decomposition, 
yielding  the  volatile  fatty  acids  ;  oxalic,  acetic,  formic,  valerianic,  and 
other  acids  ;  leucin,  tyrosin,  and  ammonia. 

Tests  for  the  proteids  : — 

(1)  Nitric  acid  test, — Heat  the  liquid  and  add  nitric  acid  freely,  a 
precipitate  falls. 

(2)  Xanthoproteic  test. — Heat  with  concentrated  nitric  acid.  The  solu- 
tions assume  a  yellow  tint,  which  becomes  reddish  orange  with  alkahes. 

(3)  Biuret  test. — Warm  with  a  little  potash  or  soda,  and  add  a  drop  or 
two  of  copper  sulphate  solution.    The  liquid  assumes  a  violet  colour. 

(4)  Millon'stest. — Dissolve  in  the  cold  equal  weights  of  mercury  and 
nitric  acid  ;  add  2  volumes  of  water.  The  test  gives  a  red  colour  with 
proteid  solutions,  especially  at  70°  C. 

The  proteids  aro  divided  into  : — 1,  Native  albumins  ;  2,  Globulins  ;  3, 
Derived  albumins,  or  albuminates  ;  4,  Proteoses  ;  5,  Peptones  ;  6,  Fibrin. 

1.  Native  albumins.  Typical  specimens  of  these  are  found  in  egg- 
albumin  and  serum-albumin.  All  are  soluble  in  water,  and  their  solu- 
tions are  not  precipitated  by  alkaline  carbonates,  sodium  chloride,  or  by 
very  dilute  acids.  They  are  precipitated  by  saturating  their  solutions  with 
ammonium  sulphate,  Thev  coagulate  at  a  temperature  of  about  140°  F. 
Egg-albumin  is  precip>itated  by  shaking  its  solution  with  ether.  Serum- 
albumin  is  not  precipitated. 

2.  Globulins.  Typical  specimens  of  globulins  are  found  in  vitellin 
from  yolk  of  egg  ;  crystallin,  or  globulin  from  lens  of  eye  ;  paraglobulin, 
or  serum-albumin  ;  fibrinogen,  and  myosinogen.  They  are  all  insoluble 
in  pure  water,  but  are  soluble  in  dilute  solutions  of  common  salt.  They 
are  precipitated  from  their  solutions  by  saturating  their  neutral  solu- 
tions at  about  90°  F.  with  crystals  of  magnesium  or  ammonium  sulphate. 
Dilute  hydrochloric  acid  converts  them  into  acid  albumin  ;  dilute 
alkalies,  into  alkali  albumin. 

3.  Derived  albumins.  Typical  examples  are  found  in  syntonin  or 
acid-albumin,  alkali-albumin,  caseinogen.  These  bodies,  sometimes 
named  albuminates,  are  obtained  by  the  action  of  acids  or  alkalies  on 
albumins  or  globulins.  Their  solutions  are  not  coagulated  by  heat. 
They  otherwise  resemble  globulins. 

4.  Proteo'ses  (TrpwTo?,  first).  Substances  presenting  intermediate 
characters  between  proteids  and  peptones.  They  are  formed  by  heating 
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proteids  with  water  or  dilute  mineral  acids,  during  gastric  and  pan- 
creatic digestion.  They  are  not  coagulated  by  heat ;  they  respond  to 
the  biuret  test.  The  precipitate  with  nitric  acid  dissolves  on  heating, 
and  reappears  on  cooling.  The  several  proteids  yield  their  own  proteose, 
albumin  yielding  albumose  ;  globulin,  globulose,  and  so  on.  The  succes- 
sion of  changes  during  digestion  of  such  a  proteidas  albumin  is,  that  it 
splits  up  into  hemialbumose  and  antialbumose.  Hemialhumose  is 
gradually  converted  iuto  hemipeptone,  and  then  into  peptone.  Anti- 
albumose  is  converted  into  autipeptone.  Subordinate  compounds  are 
protn-albumose,  hetero-albumose,  and  deutero-albumo?e,  characterised 
by  their  solubility  and  reactions,  but  which  lead  u{)  to  peptones. 

5.  Pep'tones  (TreTTTco,  to  digest).  The  products  of  the  action  of  the 
gastric_  and  pancreatic  digestions  on.  proteids.  In  gastric  digestion 
syntonin  and  peptones  are  formed;  in  pancreatic  digestion,  alkali- 
albumin,  globulin-albumin,  and  peptones.  In  both  cases  the  albumoses 
appear,  which  pass  into  peptones,  of  which  there  are  two  varieties — 
antipeptone,  which  undergoes  no  further  chai  ge ;  and  hemipeptone, 
which  when  further  acted  on  by  the  intestinal  secretions  yields  the 
normal  digestion  products,  leucin,  tyrosin,  hypoxanthin,  and  aspartic 
acid,and  putrefactive  products — indol,  skatol, phenol,  volatile  fatty  acids, 
hydrogen,  carbon  dioxide,  hydrogen  sulphide,  marsh  gas,  and  nitrogen. 

6.  Fibrin.    See  Fibrin. 

Pyrocat'echin,  C6H4OH2  (ttOp,  fire;  L.  catechu,  a  resin).  An  occa- 
sional constituent  of  the  urine,  either  pure  or  in  conjunction  with 
sulphuric  aci  I.  It  gives  a  brown  colour  to  the  urine,  deepening  on 
addition  of  alkalies. 

Ren'nilL  The  active  principle  or  ferment  contained  in  rennet,  which 
is  an  infusion  of  the  stomach  of  the  calf,  and  possesses  the  power  of 
curdling  milk, 

Sarcolac'tic  Acid.    The  same  as  Paralactic  Acid. 

Sar'kin  (o-ap^,  flesh).    The  same  as  Hypoxanthin. 

Sarkosine,  C3H7NO2  (o-ap^,  flesh),  A  derivative  of  kreatin  or  of 
caffein  when  these  substances  are  boiled  with  baryta  water.  It  crystal- 
lises in  colourless  rhombic  prisms,  having  a  burning  sweet  taste,  soluble 
in  water,  slightly  soluble  in  alcohol,  insoluble  in  ether. 

Sinkalin.  See  Cholin. 

Succin'ic  Acid,  C4II6O4  (L.  svc'cinum,  amber).  An  acid  found  in  the 
urine  atter  meat  diet,  and  especially  after  the  ingestion  of  asparagus 
and  of  alcohol.  It  forms  colourless  monoclinic  prisms.  It  stands  in 
genetic  relation  with  the  fats  and  fatty  acids,  with  the  glycerine  acids, 
and  with  some  organic  acids,  as  the  malic  and  tartaric. 

Syn'tonin  (o-vi/TOvew,  to  stretch  tight).  A  derived  albumin  obtained 
by  the  prolonged  action  of  0*2  per  cent,  solution  of  hydrochloric  acid  on 
muscle,  and  during  the  gastric  digestion  of  muscle.  It  is  a  white 
gelatinous  substance, 

Tyr'ein  (rvpos,  cheese).  Term  proposed  by  Foster  for  the  precipitate 
of  casein  thrown  down  from  milk  by  rennet. 

Tyrosin,  C9II11NO3  (rvpo?,  cheese).  An  aromatic  compound  obtained 
by  the  action  of  sulphuric  acid  on  any  of  the  proteids,  or  by  their  oxida- 
tion or  putrefaction  It  forms  silky  needles,  in&oluble  in  ether  and 
alcohol,  soluble  in  1900  parts  of  cold  water.  Solution  of  tyrosin  heated 
with  mercury  nitrate  turns  of  a  red  colour.  It  is  an  alarin  in  which  H 
is  substituted  by  oxy phenyl. 

Xan'thin,  C5H4N4O2  (i'aveo?,  yellow),    A  white  crystalline  powder 
which  is  soluble  in  boiling  water.    It  is  found  in  minute  quantity  in  the 
urine,  the  neuro-muscular  system,  and  some  glands.   Heated  with  n  itr i  c 
acid,  it  becomes  yellow,  then  on  the  addition  of  caustic  potash  or  sod  a 
it  assumes  ajred  colour,  and  finall}-  purple.    It  is  intermediate  in  com  - 
position  between  urea  and  hypoxanthin. 
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Animal  heat,  233 

Anisotropous  subs'  ance,  278 

Anospinal  centre,  210 

Anterior  cardinal  veins,  502 

Antialbumose,  189,  534 

Antilytic  secretion  of  saliva,  180 

Antipeptone,  189,  205 

Antiperistalsis,  194 

Aortic  arches,  500 

Apnoea,  116 

Archenteron,  479 

Archiblastic  formations,  438 

Area  opaca,  483 

 pellucida,  483 

Aristotle's  experiment,  453 

Arteries,  67,  68 

Artificial  respiration,  132 

Asexual  generation,  4613 

Asparagin,  527 

Aspartic  acid,  527 

Astigmatism,  422 

Auditory  nerve,  332 

 sensations.  Duration  of,  447 

Auriculo  -  ventricular  valves. 
Action  of,  46 

Automatic  contraction  of  veins,  91 

 movements,  333 

  rhythm  of  capillaries,  89 

Auxiliary  forces  aiding  heart,  69 

Avalanche  theory  of  nerve  im- 
pulse, 324 

Azotised  compounds,  8] 

Bacterium  lactis,  10 
Balance  of  the  economy,  160 
Barley  as  food,  146 
Basal  ganglia,  374 

 line,  402 

Beats,  445 
Beer,  148  J 
Benzoic  acid,  527 
Benzoyl-amido-acetic  acid,  527 
Bidder's  ganglia  of  heart,  55 
Bile,  Characteristics  of,  199 

 ,  Quantity  of,  200 

 ,  Salts  of,  199 

 ,  Test  for,  199 

 ,  Uses  of,  200 
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Binocular  vision,  431 

Biogenesis,  461 

Biuret  test  for  proteids,  533 

 for  urea,  256 

Blastoderm,  479,  480 
Blastodermic  vesicle,  487 
Blastula,  477  ■ 

Bleeding-,  Provisions  for  prevent- 
ing-, 94 
Blind  spot,  408 
Blood,  18 
 clot,  36 

 ,  Characters  of,  36 

 ,  Coagulation  of,  33 

 ,  ,  Theories  of,  39 

 ,  Composition  of,  28 

■  corpuscles,  20 

 ,  Enumeration  of,  23 

 ,  Fate  of,  41 

 ,  Gases  of,  31 

 ,  morphological  elements,  20 

 ,  Movement  of,  43 

 ,  Plasma  of,  31 

 -pressure,  71 

 ,  Quantity  of,  19 

 ,  Salts  of,  31 

■  ,  Serum  of,  34 

 ,  Spectrum  of,  24 

 ,  Transfusion  of,  95 

 vessels,  67 

Bottcher's  test  for  sugar,  528 
Brain,  Circulation  in,  97 

 ,  Development  of,  503 

 ,  Peculiarities  of,  383 

Brandy,  150 
Bread  as  food,  146 
Breathing  air,  111 
Bronchial  murmur,  118 
Broths  as  food,  145 
Brunner's  glands,  207 
Bnlfy  coat  of  blood-clot  36 
Bulbus  arteriosus,  501 

"Caisson  disease,"  129 
Calorific  rays,  432 
Calorimetry,  235 
Capacity  of  chest.  111 
Capillaries,  67,  88 

 ,  Cardiac  rhythm  of,  89 

 ,  Rhythmic  contractions  of,  89 

Carbohydrates,  527 
Carbolic  acid,  528 
Carbon,  4 

Carbonic  acid  in  blood,  33 

 in  respired  air,  123 

Cardiac  poisons,  59 

 revolution,  44 

Cardinal  veins,  502 
Carnin,  528 


Casein,  152,  528 

 ,  Digestion  of  191 

Caseinogen,  528 
Cathelectrotonus,  327 
Cell  division,  15 

 wall,  14 

Cells,  Structure  of,  12 

Cellulose,  527 

Centre,  Accelerator  374 

 ,  Anospinal,  210 

 ,  Cardiac,  374 

 ,  Ciliospinal,  410 

 ,  Deglutition,  183 

 ,  Dilatation  of  pupil,  374 

 ,  Ejaculation,  467 

 ,  Election,  467 

 ,  Genito- spinal,  463  467 

 ,  Heat,  248 

 ,  Insalivation,  373 

 ,  Mastication,  373 

 ,  Micturition,  273 

 ,  Parturition,  520 

 ,  Psycho-acoustic,  386 

 ,  Psycho-optic,  386 

 ,  Respiratory,  374 

 ,  Salivary  secretion,  373J 

 ,  Speech,  388 

 ,  Suction,  373 

 ,  Sweat,  231 

 ,  Trophic,  325 

 ,  Vaso-dilator,  374 

 ,  Vaso-inhibitory,  374 

 ,  Vaso-motor,  374 

 ,  Vesico-spinal,  873 

 ,  Vomiting,  37? 

 ,  Winking,  373 

Cereals  as  food,  146 
Cerebellum,  379 
Cerebral  nerves,  340 

 peduncles,  376 

Cerebrin,  320,  528 
Cerebrum,  380 

 ,  Development  of,  506 

rhalazae,  480 

Chemical  composition  of  body,  3 
Chemistry  of  blood,  28 

 of  nervous  tissues,  319 

 of  respiration,  121 

 of  the  urine,  253 

Chief  cells  of  gastric  glands,  185 
Childhood,  523 
Cholalic  acid,  529 
Cholesterin,  529 
Cholin,  529 

Chorda  tympani,  action,  177  180 
Chordae  vocales,  448 
Chorion  frondosum,  495 

 Iseve,  495 

 primitivum,  492 
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Cborion  verum,  496 

CtLoroidal  fissure,  510 
CtTomatio  aberration,  408 
Chromatin  fibres,  14 
Cijyle,  215,  218 

 ,  Movement  of,  219 

 ,  Quantity  of,  218 

Chyme,  197 

 ,  Absorption  of,  214 

Cicatricula,  430 
Ciliary  ganglion,  345 

 movement,  275 

Cilio-spinal  centre,  410 
Circulation,  First,  600 

 ,  Proofs  of,  98 

 ,  Pulmonic,  43 

 ,  Second,  504 

 ,  Systemic,  43 

Clothing,  Value  of,  247 

 ,  Circumstances  modifying,  35 

Coagulation  of  blood,  33 
Coffee,  150 
Colorific  rays,  431 
Colostrum,  152 
Colour  blindness,  434 
Coloured  corpuscles  of  blood,  20 

 shadows,  436 

Colourless  corpuscles  of  blood,  22 
Combustion  of  food  stuff's,  136 
Compass  of  voice,  449 
Complemental  air.  111 
Complementary  colours,  432 
Composition  of  blood,  28 

 of  body,  4 

 of  eggs,  145 

 of  milk,  151 

 of  muscle,  279 

 of  urine,  253 

Compulsory  movements,  378 
Condiments,  147 
Conjugation,  462 
Consonants,  451 
Contractility  of  arteries,  68 

 of  muscle,  282 

Contraction,  Phenomena  of,  290 

  -remainder,  299 

Co-ordination  of  movements,  379 
Corpora  quadrigemina,  375 

 striata,  377 

Corpus  luteum,  470 

 spurium,  470 

 verum,  470 

Corpuscles  of  blood,  Eed,  20 

 ,  White,  22 

Costo-inferior  type  of  respiration, 
110 

 superior  type  of  respiration, 

110 

Coughing,  137 


Course  of  blood  through  heart,  46 

 of  fibres  in  cord,  368 

Crura  cerebri,  376 
Crystals  of  oxyhsemoglobin,  28 
Curare,  Action  of,  on  muscle,  301 
Current  of  action  in  muscle,  310 
Currents,  induced,  Action  of,  324 
Curves  of  Traube-Hering,  81 
Cutaneous  respiration,  136 

 cupped  blood-clot,  36 

 transpiration,  229 

Cyon,  Nerve  of,  61,  80 
Cyrtometer,  109 
Cytode,  14 
Cytula,  477 

Death,  525 

Decidua  menatrualis,  468 

 reflexa,  498 

 serotina,  498 

 vera,  498 

Decomposition  of  light,  431 
DefsBcation,  210 
Deglutition,  183 
 centre,  3731 

Delomorphous  cells   of  gastric 

glands,  185  4 
Dentals,  451 
Depressor  nerve,  61,  80 
Derived  albumins,  533 
Development  of  embryo,  460 
Dextrin,  529 
Dextrose,  529 
Diapedesis,  90 

Diastatic  ferment  of  pancreas,  205 

 of  saliva,  174 

Diastole  of  heart,  43 
Dicrotic  wave  of  pulse,  83,  85 
Diet,  155 

 in  childhood  and  youth,  158 

 in  infancy,  155 

 in  old  age,  158 

 in  sickness,  157,  160 

 in  training,  157 

Dietaries,  155 
Digestion  of  food,  170 

 ,  Table  of,  212 

Direct  vision,  407 

Dispirem,  17 

Dissonance,  445 

Distribution  of  blood,  91 

Drinks,  148 

Drum  of  the  ear,  439 

Duct  of  Muller,  486,  515,  516 

Duct  of  Wolff",  515,  516 

Ductless  glands,  226 

Ductus  arteriosus,  501,  505 

 Botalli,  501 

 Cuvieri,  503 
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Ductus  venosus,  502,  505 
Duration  of  acts  of  respiration, 
110 

 of  auditory  sensations,  447 

 of  circuit  of  blood,  87 

 of  psychical  processes,  391 

 of  pulse-wave,  86 

Dy  aster,  17 
Dyslysin,  529 
Dyspnoea,  109,  117 

Ear,  Development  of,  511 
Egg-albumin,  533 

 of  bird,  480 

Eggs  as  food,  145 
Eighth  nerve,  349 
Ejaculation  centre,  467 

 of  semen,  467 

Elasticity  of  arteries,  68 

■  of  muscle,  282 

Electric  currents  in  muscle,  338 

 in  nerve,  326 

Electrotonus,  326 
Eleventh  pair  of  nerves,  352 
Embryonic  area,  487 
Emmetropia,  417 
Emotions,  397 
Enchylema,  14 
Entoptic  phenomena,  424 
Enumeration  of  blood  corpuscles, 
23 

Enzymes,  10,  11 

Epiblast,  479 

Epiblastic  sphere,  487 

Erectile  tissues,  Circulation  in,  98 

 ,  Peculiarities  of,  98 

Erection,  466 

 centre,  467 

Erect  vision,  425 
Erythrodextrin,  181 
Eupnoea,  116 
Eustachian  tube,  442 
Expiration,  107 
Extensibility  of  muscle,  281 
External  respiration,  105 
Eye,  401 

 ,  Development  of,  509 

Fseces,  208 

False  amnion,  491 

Falsetto  voice,  450 

Farinaceous  compounds,  143 

Far  point,  412 

Fat,  Absorption  of,  212 

 ,  Action  of  steapsin  on,  205 

 ,  Formation  of,  165,  166 

 ,  Origin  of,  164 

 ,  Quantity  of,  144 

 ,  Uses  of,  168 


Fats,  529 

Fecundation,  466,  473 
Fermentation,  8 

 ,  Alcoholic,  9 

 ,  Lactic,  10 

Ferment  of  blood,  38 
Ferments,  8,  209 
Fibrin,  37,  529 

 ferment,  38 

Fibrinogen,  37 

Fibrino-plastic     substance  (see 

Paraglobulin),  37 
Fick  on  excretion  of  urea,  258 
Field  of  vision,  403 
Fifth  nerve,  343 
Fission,  462 
Food,  139 

 ,  Classification  of,  142 

 ,  Deprivation  of,  161 

 ,  Excessive  supply  of,  163 

 ,  Insufficient  supply  of,  1C3 

 ,  quantity  required,  153 

 yolk,  480 

Force  of  heart,  51 
Forced  respiration,  107 
Formatio  reticularis,  371 
Formic  acid,  529 
Fourth  nerve,  343 
Frauenhofer's  lines,  24 
Frigorific  nerve,  248 
Fruit,  147 

Functions  of  nerves,  328 

Gamut  major,  minor,  445 
Ganglia,  Collateral,  355 

 ,  Lateral,  355 

Ganglion,  Lacrymal,  345] 

 ,  Otic,  346 

 ,  Spheno-palatine,  345 

 ,  Submaxillary,  34G 

Gases  of  blood,  122 

 of  body,  7 

 of  intestine,  210 

Gastric  juice,  184j 
Gastrula,  477 
Gemmation,  462 
Generation,  460 
Genito-spinal  centre,  467 

 urinary  apparatu.sr',  514 

Germ  yolk,  480 
Germinal  epithelium,  486 

 vesicle  and  spot,  485 

Gin,  150 

Globulins  (see  Proteids),  533 

Glosso-pharyngeal  nerve,  177 

Glottis,  Function  of,  448 

Glucose,  530 

Glycerin,  529,  530 

 phosphoric  acid,  530 
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Glycogen,  221 
Glycogeny,  223 
Gmelins'  test  for  bile,  200 
Goltz'  Quarrversuclj,  340 
Graafian  follicle,  468 
Granulose,  528 
Green  food,  147 
Grey  substance  of  cord,  360 
Guiding  sensations,  395 
Gutturals,  451 

Haemadromometer,  93 
Haeraatin,  30 
Hsematoblastp,  21 
Hsematocytometer,  23 
Haematoglobulimeter,  23 
Haematoidm,  31 
Hsematometer,  23 
Hsemautograph,  85 
Hsemin,  30 

Hsemocliromogen,  29,  280 
Haemoglobin,  28 

 ,  Reduced,  26 

Halones,  481 

Healing  of  wounds,  102 

Hearing,  Accelerating  nerves  of  ,'62 

 ,  Sense  of,  439 

Heart,  Action  of,  43 

 ,  Active  dilatation  of,  52 

 ,  Agents  assisting  action  of,  90 

 ,  Development  of,  499 

 ,  Duration  of  beats  of,  49 

 ,  Force  of,  51 

 ,  Frequency  of  beats  of,  50 

 ,  Impulse  of,  48 

 ,  Inbibition  of,  56 

 ,  Nervous  mechanism  of,  55 

 ,  Refractory  phase  of,  65 

 Sounds  of,  47 

Heat,  Animal,  233 

 centres,  248 

 dyspnoea,  246 

 ,  bow  it  is  lost,  234,  245 

 rigor,  242,  287 

 tetanus,  242 

Height  and  weight,  Table  of,  52 i 
Hemialbumose,  189,  533 
Hemiazygos  vein,  603 
Hemipeptone,  205 
Hering's  theory  of  colours,  433 
Hiccup,  138 
Hippuric  acid,  530 
Histohaematin,  280 
Holoblastic  ova,  477 
Homoiotuermai  animals,  233 
Hunger,  141 
Hypermetropia,  420 
Hypnotism,  394 
Hypoblast,  479 


Hypoblastic  sphere,  487 
Hypoglossal  nerve,  353 
Hypoxanthin,  530 

Ideas,  397 

Idiomuscular  contraction,  287 

Impulse  of  heart,  48 

Inanition,  161 

Indican,  530 

Indigo,  Indigogen,  530 

Indirect  vision,  407 

Indol,  530 

Infancy,  523 

Inhibitory  centre  of  heart,  56,  59 

 nerves,  56,  206,  332 

 of  heart,  56,  58 

Inorganic  compounds,  6 
Inosinic  acid,  631 
iDosite,  531 
Insalivation,  172 

 centre,  175 

Inspiration,  105 
Insufficient  diet,  163 
Internal  respiration,  105,  133 
Intervals,  Musical,  444 
Intervertebral  ganglia,  369 
Intestinal  digestion,  197,  207 
Intestine,  206 

 ,  Development  of,  512 

 ,  Movements  of,  206 

Iris,  409 
Iron,  6 

Irradiation,  423 
Isomerism,  4 

Isotropous  substance  of  muscle, 
278,  279 

Joints,  314 
Jugular  veins,  502 

Karyokinesis,  15 
Keratin,  581 

Kidney,  Development  of,  515 
Knee  jerk,  307 
Kreatin,  531 
Kreatinin,  531 

Labials,  451 

Labyrinth  of  ear.  Function  of,  44 
Lacrymal  apparatus,  438 

 ganglion,  345 

Lacteal  fluid,  218 
Lacteal  s,  213 
Lactic  acid,  531 

 group,  531 

Lardacein,  531 

Large  intestine.  Digestion  in,  208 
Latent  addition,  297 
 l)eriod,  294 
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Laughter,  138 

Laws  of   mental  association  of 
ideas,  398 

 of  reflex  action,  338 

Leaping-,  318 

Lecithin,  202,  531 

Leguminous  plants  as  food,  147 

Leucin,  531 

Leucite,  15 

Leucocytes,  14,  22 

Levers,  315 

Lieberkiihnian  follicles,  207 
Light,  Decomposition  of,  431 
Limbs,  Development  of,  520 
Lingual  nerve,  177 
Liquor  amnii,  492 
Liver,  198 

 ,  Peculiarities  of  circulation 

in,  97 
Longsightedness,  420 
Lutein,  532 
Lymph,  215 

 ,  Movements  of,  217,  219 

 ,  Origin  of,  216 

 plasma,  216 

Lymphatic  glands,  214 
Lymphatics,  213 
Lymph  corpuscles,  217 

Mai  de  montagne,  128 
Malic  acid,  532 
Mammalian  ovum,  484 
IMarriotte's  blind  spot,  408 
Mastication,  170 

 centre,  373 

Meat,  Coubtituents  of,  144 

 ,  Digestion  of,  192 

Mechanical  work  and  heat,  236 
Mechanism  of  respiration,  105 
Meconium,  513 

Median  line  of  field  of  vision,  402 

 plane  of  field  of  vision,  402 

Medulla  oblongata,  370 
Medullary  folds,  489 
Meissner's  plexus,  214 
Membrana  tympani,  439 
Menstruation,  467 
Mesmerism,  394 
Mesohlast,  484,  487,  488 
Mesonephros,  514 
Metanephros,  515 
Methsemoglohin,  30 

  Spectrum  of,  27 

Metre  angle,  402 
'  Microblastic  ova,  477 
Microcytes,  21 
Micturition,  273 

 centre,  273 

Milk  as  food,  151 


Milk,  Digestion  of,  191 

 sugar  or  lactose,  528 

TVIillon's  test  for  proteide!,  533 
Mitosis,  15 
Monaster,  17 

Moore's  test  for  glucose,  528 
Morula,  477 
Motor  nerves,  330 
Movement,  Amoeboid,  275 

 ,  Ciliary,  275 

Mucin,  532 

M tiller's  duct,  486,  515 
Muscle,  277 
 curve,  294 

 •,  Electrical  currents  in,  398 

 plasma,  279 

 serum,  286 

 ,  Smooth,  310 

 stimuli,  288 

 ,  Tonicity  of,  388 

 ,  Unstriated,  310 

Muscles  of  the  eye,  436 
Muscular  contraction.  Phenomena 
of,  290 

 effort,  influence  on  excretion 

of  urea,  258 

 exertion,  313 

 movement,  275 

 sensibility,  306,  456 

 tissue,  277 

Musical  sounds,  443 
Myopia,  419 
My ohse matin,  280 
Myosin,  532 
Myosinogen,  532 

Near  point,  412 

Negative  after-images,  435 

 variation,  310 

Nerve,  First,  340 

 ,  Second,  340 

 ,  Third,  341 

 ,  Fourth,  343 

 ,  Fifth,  343 

 ,  Sixth,  346 

 ,  Seventh,  348 

 ,  Eighth,  349 

 ,  Ninth,  349 

 ,  Tenth,  350 

 ,  Eleventh,  352 

 ,  Twelfth,  353 

 centres  for  heat,  248 

 of  Cyon,  61 

 stimuli,  321 

Nerves,  Afferent,  330 

 ,  Functions  of,  328 

 ,  Inhibitory,  332 

 ,  Motor,  330 

 ,  Rapidity  of  conduction,  334 
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Nerves,  Secretory,  331 

 ,  Sensory,  330 

 ,  Sympathetic,  355 

 ,  Trophic,  331 

 ,  Vaso-constrictor,  333 

 ,  Vaso-dilator,  333 

 ,  Vaso-inhibitory,  333 

 ,  Vaso-motor,  333 

Nervous  mechanism  of  heart,  55 
 system,  319 

 ,  Influence   of,  on  heat 

production,  247 

 ,  ,  on  urine,  27  L 

Neurin  (se«  Cholin),  529 

New-born  child,  Structural  altera- 
tions in,  521 

Ninth  nerve,  349 

Nitrogen,  5 

Nitrogenous  compounds,  8 
Noises,  443 

Non-azotised.  compounds,  8 
Non-musical  sounds,  44> 
Non-nitrogenous  compouiid  ,  8 
Notochord,  489 
Nuclein,  532 
Nucleolus,  14 

 of  ovum,  485 

Nucleoplasm,  14 
Nucleus  of  cell,  14 

 of  ovum,  485 

 of  Pander,  481 

Oblique  muscles  of  the  eye,  438 
Ocular  muscles,  436 
O.  ulo-motor  nerve,  341 
Old  age,  525 
Oleaginous  foods,  143 
Olein,  oleic  acid,  529 
Olfactory  nerve,  340 
Omphalo-mesaraic  vessels,  501 
Oncometer,  225 
Optic  axis,  402 

 constants  of  the  eye,  416 

 cup,  509 

 nerve,  340 

 thalami,  377 

Optograms,  429 

Ossicula  auris,  440 

Otic  ganglion,  346 

Ovoid  cells  of  gastric  glands,  185 

Ovulation,  468 

Ovum,  471 

 ,  Maturation  of,  472 

 of  bird,  479 

 of  man,  484 

Oxalic  acid,  532 
Oxaluric  acid,  532 
Oxygen,  5 
 in  blood,  32 


Oxyhsemoglobin,  Spectrum  of,  26 
Ox'yntic  cells  of  gastric  glands, 

185 
Ozone,  5 

Pain,  455 
Palatals,  451 

Palmitin,  palmitic  acid,  529 
Pancreas,  202 

 ,  Innervation  of,  206 

Pancreatic  juice,  204 

 ,  Uses  of,  204 

Parabanic  acid,  532 

Parablast,  484 

Paray^lobulin,  37 

Paralactic  acid,  533 

Paralytic  secretion  of  saliva,  180 

Parietal  cells  of  gastric  glands,  185 

Parkes  on  excretion  of  urea,  260 

Parthenogenesis,  461 

Partial  pressure  of  gases,  120 

Parturition  centre,  520 

Peculiarities  of  circulation,  96 

Pepsin,  187 

Peptones,  189,  534 

Percussion  sounds  of  chest,  118 

Peristalsis,  194,  207 

Personal  equation,  3S9 

Pettenkofer's  test  for  bile,  200 

Phases  of  action  of  heart,  49 

Pbeuol,  533 

Phosphenes,  425 

Phosphorus,  6 

Physiology  of  new-born  child,  521 
Pitch  of  sounds,  446 
Placenta  foetalis,  495 

 ,  Structure  of,  499 

 uterina,  495 

Plasma  of  blood,  31 

 of  muscle,  279 

Pleuro-peritoneal  cavity,  490 
Pneumogastric  nerve,  350 
PoikiJothermal  animals,  233 
Polar  cell,  472 
Poly  erotism,  86 
Pons  Varolii,  375 
Portal  circulation,  67 
Portio  dura,  348 

 intermedia,  348 

 mollis,  349 

Positive  after-images,  435 
Potatoes  as  food,  147 
Predicrotic  wave,  84 
Pregnancy,  Duration  of,  520 
Presbyopia,  418 
Pressor  nerves,  351 
Pressure  in  air-passages,  118 

 of  blood,  74 

 in  veins,  91 
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Pressure,  Sense  of,  451 

 of  urine,  272 

Primitive  aortse,  500 

 chorion,  492 

 streak,  483 

Primordial  ovules,  4S6,  616 
Princip  al  cells  of  gastric  glands,185 
Proctodgeum,  519 
Projection,  Law  of,  426 
Pronephros,  514 
Pronucleus,  Female,  472 
 ,  Male,  474 

Proofs  of  circulation  of  blood,  98 
Propeptone,  189 
Proteids,  142,  533 

 ,  Digestion  of,  189 

 of  blood,  28 

 ,  Tests  for,  533 

Proteolytic  action  of  stomach,  188 

 ferment  of  pancreas,  204 

Proteoses,  533 
Protista,  3 
Protoplasm,  8,  12 
Proto  vertebrae,  517 
Proximate  principles,  4,  7 
Pseudo-nuclear  bodies,  485 
Psychical  processes,  duration,  391 
Psycho-acoustic  centre,  386 

 -optic  centre,  386 

 -physical  law,  400 

Ptyalin,  174 
Puerile  respiration,  118 
Pulmonic  circulation,  67 
Pulse,  50,  81 

 ,  Frequency  of,  43 

 ,  Tracing  of,  83 

 ,  Volume  of,  86 

 -wave.  Length  of,  86 

Punctum  proximum,  412 

■  remotum,  412 
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Diseases  of  the  Breast,     By  Thomas  Bryant, 

F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  Guy's 
Hospital.    With  8  Chromo  Plates.  9s. 

"  Mr.  Bryant  is  so  well  known,  both  as  an  author  and  a  surgeon,  that  we  are  absolved 
from  the  necessity  of  speaking  fully  or  critically  of  his  work." — The  Lancet. 

Syphilis.  By  Jonathan  Hutchinson,  F.R.S.,  F.R.C.S., 

Consulting  Surgeon  to  the  London  Hospital  and  to  the  Royal 
London  Ophthalmic  Hospital.    With  8  Chromo  Plates.  9s. 

'  The  student,  no  matter  what  may  be  his  age,  will  find  in  this  compact  treatise 
valuable  presentation  of  a  vastly  important  subject.    We  know  of  no  better  or  more 
comprehensive  treatise  on  syphilis." — Medical  News,  Philadelphia. 

Fractures  and  Dislocations,    By  T.  Pickering 

Pick,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  St.  George's 
Hospital.  9s. 

"  We  must  express  the  pleasure  with  which  we  have  perused  the  book,  and  our 
especial  admiration  for  the  lucidity  of  the  author's  style,  and  the  simplicity  of  his  direc- 
tions for  the  application  of  apparatus ;  in  the  latter  respect  it  is  always  difficult  to 
combine  clearness  with  brevity,  but  herein  Mr.  Pick  has  been  most  successful." — 
Glasgo-w  Medical  Journal. 

Surgical  Diseases  of  the  Kidney,    By  Henry 

Morris,  M.B.,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at, 
Middlesex  Hospital.    With  6  Chromo  Plates.  9S. 

"  It  would  be  difficult  to  find  these  subjects  treated  more  carefully  and  thoroughly." — 
British  Medical  journal. 

Insanity  and  Allied  Neuroses.    By  George  H. 

Savage,  M.D.,  Medical  Superintendent  and  Resident  Physician  to 
Bethlem  Royal  Hospital,  and  Lecturer  on  Mental  Diseases  at  Guy's 
Hospital.  93. 

Dr.  Savage's  grouping  of  insanity  is  practical  and  convenient,  and  the  observations 
in  each  group  are  acute,  extensive,  and  well  arranged." — The  Lancet. 

Intestinal  Obstruction,     By  Frederick  Treves, 

F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Anatomy  at,  the  London 
Hospital.  9s. 

"  Throughout  the  work  there  is  abundant  evidence  of  patient  labour,  acute  observa- 
tion, and  sound  reasoning,  and  we  believe  Mr.  Treves's  book  will  do  much  to  advance 
our  knowledge  of  a  very  difficult  subject." — The  Lancet. 

Diseases   of  the   Tongue,      By   H.  T.  Butlin, 

F.R.C.S.,  Assistant  Surgeon  to  St.  Bartholomew's  Hospital.  With 
8  Chromo  Plates.  9s. 

"  Mr.  Butlin  may  be  congratulated  upon  having  written  an  excellent  manual,  scientific 
in  tone,  practical  in  aim,  and  elegant  in  literary  form.  The  coloured  plates  rival,  if  not 
excel,  some  of  the  most  careful  specimens  of  art  to  be  found  in  the  pages  of  European 
medical  publications." — British  Medical  Journal. 

Surgical  Diseases  of  Children,      By  Edmund 

Owen,  M.B.,  F.R.C.S.,  Senior  Surgeon  to  the  Children's  Hospital, 
Great  Ormond  Street,  and  Surgeon  to,  and  Co-Lecturer  on  Surgery 
at,  St.  Mary's  Hospital.    With  4  Chromo  Plates.  9s. 

"  Mr.  Owen's  volume  will  rank  as  an  invaluable  r^sumi  of  the  subject  on  which  he 
treats,  and  should  readily  take  its  place  as  a  reliable  and  compact  guide  to  the  surgery 
of  children." — Medical  Press  anJ.  Circular. 

Cassell  &  Company,  Lii/iited,  Liidgate  Hill,  London. 
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Published  by  Cassell  Company, 


The  Treatment  of  Typhoid  Fever,  Especially  by 

"Antiseptic"  Remedies.  By  1.  Burney  Yeo,  M.D.,  F.R.C.P., 
Professor  of  Clinical  Therapeutics  in  King's  College,  London,  and 
Physician  to  the  Hospital.    Is.  6d. 

Medical  Handbook  of  Life  Assurance.    For  the 

use  of  Medical  and  other  Officers  of  Companies.  By  James  Edward 
Pollock,  M.D.,  F.R.C.P.  (Consulting  Physician  to  the  Hospital  for 
Consumption  and  Diseases  of  the  Chest,  Brompton) ;  and  James 
Chisholm  (Fellow  of  the  Institute  of  Actuaries,  London,  and  of  the 
Faculty  of  Actuaries,  Scotland).     7s.  6d. 


An  Address  in  School  Hygiene.    By  Clement 

Dukes,  M.D.  Lond.,  M.R.C.P.  Lond.    Demy  8vo.  Is. 


Vaccination  Vindicated :  Being  an  Answer  to  the 
Leading  Anti- Vaccinators.  By  John  C.  McVail,  M.D.,  D.P.H. 
Camb,  ;  Physician  to  the  Kilmarnock  Infirmary ;  Medical  Officer 
of  Health,  Kilmarnock ;  President  of  the  Sanitary  Association  of 
Scotland,  &c.     5  s. 

The  Natural  History  of  Cow-Pox  and  Vaccinal 

Syphilis.    By  Charles  Creighton,  M.D.  3s. 


Advice  to  Women  on  the  Care  of  their  Health, 

Before,  During,  and  After  Confinement    By  Florence 

Stacpoole,  Diplom^e  of  the  London  Obstetrical  Society,  &c.  &c. 
Paper  covers,  Is.  ;  or  cloth,  Is.  6d. 

Our  Sick,  and  How  to  Take  Care  of  Them ;  or,  Plain 

Teaching  on  Sick  Nursing  at  Home.  By  Florence  Stacioole. 
Paper  covers,  Is, ;  or  cloth.  Is.  6d. 

A  Handbook  of  Nursing  for  the  Home  and  for  the 
Hospital.  By  Catherine  J.  Wood,  Lady  Superintendent  of  the 
Hospital  for  Sick  Children,  Great  Ormond  Street.  Tenth  and  Cheap 
Edition.    Is.  6d.  ;  cloth,  2s. 

A  Handbook  for  the  Nursing  of  Sick  Children. 

With  a  few  Hints  on  their  Management.  By  Catherine  J.  Wood. 
2s.  6d. 

Diet  and  Cookery  for  Common  Ailments.   By  A 

Fellow  of  the  Royal  College  of  Physician?,  and  Phyllis 
Browne.  5s. 

Cassell  &  Company X  Liruited,  Ltidgaie  Hill.,  London. 
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Authoritative  Work  on  Health  by  Eminent  Physicians 
and  Surgeons. 

The  Book  of  Health. 

A  Systematic  Treatise  for  the  Professional  and  General  Reader 
upon  the  Science  and  the  Preservation  of  Health    .  21s» 

Roxburgh  25s, 

CONTENTS. 


By  Sir  W.  S.  SAVORY,  Bart., 
F.R.  S. — Introductory. 

By  Sir  RISDON  BENNETT, 
M.D.,  F.R.S.  —  Food  and  its 
Use  in  Health. 

By  T.  LAUDER  BRUNTON, 
M.D.,  F.R.S.— The  Influence 
OF  Stimulants  and  Narcotics 
ON  Health. 

By  Sir  J.  CRICHTON-BROWNE, 
LL.D.,  M.D. — Education  and 
the  Nervous  System. 

By  JAMES  CANTLIE,  F.R.C.S. 
— The  Influence  of  Exer- 
cise ON  Health. 

By  FREDERICK  TREVES, 
F.R.C.S.— The  Influence  of 
Dress  on  Health. 

By  J.  E.  POLLOCK,  M.D.— The 
Influence  of  our  Surround- 
ings ON  Health. 

By  J.  RUSSELL  REYNOLDS, 
M.D.,  F.R.S.— The  Influence 
of  Travelling  on  Health. 


By    SHIRLEY  MURPHY, 

M.R.C.S.— Health  at  Home. 
By  W.  B.  CHEADLE,  M.D.— 

Health     in     Infancy  and 

Childhood. 
By  CLEMENT  DUKES,  M.D.- 

Health  at  School. 
By  HENRY  POWER,  F.R.C.S. 

— The  Eye  and  Sight. 
By  G.  P.  FIELD,  M.R.C.S.— The 

Ear  and  Hearing. 
ByJ.  S.  BRISTOWE,  M.D.,  F.R.S. 

— The  Throat  and  Voice. 
By  CHARLES  S.  TOMES,  F.R.S. 

— The  Teeth. 
By  MALCOLM  MORRIS.— The 

Skin  and  Hair. 
By  SIR  JOSEPH  FAYRER, 

K.C.S.I.,    F.R.S.,    and  J. 

EWART,   M.D.— Health  in 

India. 

By  HERMANN  WEBER,  M.D. 
— Climate  and  Health  Re- 
sorts. 


Edited  by  MALCOLM  MORRIS,  F.R.C.S.  Ed. 

'  The  Book  of  Health,'  "  says  the  Lancet,  is  what  it  aims 
to  be — authoritative,  and  must  become  a  standard  work  oj 
reference  not  only  v^ith  those  v^^ho  are  responsible  for  the  health 
of  schools,  workshops,  and  other  establishments  where  there  is 
a  large  concourse  of  individuals,  but  to  every  member  of  the 
coimnunity  who  is  anxious  to  secure  the  highest  possible  degree 
of  healthy  living  for  himself  and  for  his  family." 
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ENLARGED  SERIES,  in  MONTHLY  PARTS, 
price  2s,,  of  the 

Annals  of  Surgery: 

A  Monthly  Review  of  Surgical  Science  and  Practice. 

EDITED  BY 

Frederick  Treves,  F.R.C.S.         William  MacEwen,  M.D. 

(Of  London)  ;  (Of  Glasgow)  ; 

L.  S.  Pilcher,  A.M.,  M.D.  J.  William  White,  M.D. 

(Of  Brooklyn,  U.S.A.)  ;  (Of  Philadelphia,  U.S.A.). 


No  introduction  is  needed  to  commend  the  Enlarged 
Serils  of  this  well-known  Journal  to  British  practitioners  of 
surgery. 

It  is  already  highly  esteemed  in  this  country  on  account  of  the 
invaluable  contributions  which  appear  in  its  pages,  and  the  fact 
that  the  Journal  will  be  considerably  enlarged  will  secure  for  it 
an  enhanced  appreciation  amongst  medical  men. 

"Annals  of  Surgery"  is  the  only  high-class  Journal 
published  in  the  English  language,  devoted  exclusively  to 
presentir.g  current  work  in  the  science  and  art  of  surgery. 

The  names  of  its  Editors  are  a  sufficient  guarantee  for  the 
sterling  character  of  its  contents.  The  high  standard  which  has 
been  attained  in  the  past  will  be  fully  maii>tained  in  the  future, 
and  the  Journal  in  its  new  form  should  command  the  support 
of  all  those  to  whom  it  appeals. 

The  several  departments  of  Original  Memoirs^  Editorial 
Articles^  Index  of  Surgical  Progress^  and  Reviews  of  Books  will 
be  retained,  and  each  will  be  developed  and  extended  as  may  be 
required  to  keep  the  Journal  abreast  with  current  surgical  work. 

A  subscription  of  One  Guinea,  paid  in  advance,  will  secure 
the  Journal  being  sent  post  free  for  one  year. 

Also  issued  in  half-yearly  volumes,  pj'ice  15 S. 

Cassell  &  Company^  Limited^  Ltidgate  Hill,  London. 
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